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FUGITIVE METHANE EMISSIONS FROM OIL 
AND GAS OPERATIONS 


TUESDAY, NOVEMBER 5, 2013 

U.S. Senate, 

Committee on Environment and Public Works, 

Subcommittee on Oversight, 

Washington, DC. 

The Subcommittee met, pursuant to notice, at 2:29 p.m. in room 
406, Dirksen Senate Office Building, Hon. Sheldon Whitehouse 
(chairman of the Subcommittee) presiding. 

Present: Senators Whitehouse, Vitter, and Inhofe. 

OPENING STATEMENT OF HON. SHELDON WHITEHOUSE, 
U.S. SENATOR FROM THE STATE OF RHODE ISLAND 

Senator Whitehouse. Good afternoon, everyone, and thank you 
for being here. I am delighted to be hosting this hearing of our 
Subcommittee, and I particularly want to welcome our distin- 
guished ranking member back. It is good to see him here and in 
such good health. 

Our topic today is fugitive methane. As we know, methane is the 
most abundant component of natural gas, and burning natural gas 
for energy produces the beneficial effect of less carbon dioxide than 
burning either oil or coal. So that is a positive. And both President 
Obama and the gas industry have both clearly made the point that 
natural gas is a step toward a lower carbon energy future. 

The American Gas Association’s Web site says in most applica- 
tions, using natural gas produces less carbon dioxide, which is the 
primary greenhouse gas, and, it adds, using natural gas to replace 
less environmentally benign fuels can help address greenhouse gas 
emissions. 

And, of course, all of that is true, but methane itself, when left 
unburned, is a potent greenhouse gas. The IPCC estimates meth- 
ane is 28 times more potent than carbon dioxide over 100 years 
and 84 times more potent over 20 years. It is clear that methane 
causes much more warming than carbon dioxide, particularly in 
the near term. The methane emissions that are not burned can ac- 
tually offset, and more, the carbon benefits we get replacing oil and 
coal with natural gas. 

According to EPA — and I want to welcome our EPA witness, 
Sarah Dunham, here — methane is the second most abundant 
greenhouse gas emitted by human activities after carbon dioxide, 
and almost a third of methane emissions in the U.S. come from pe- 
troleum and natural gas systems. 

( 1 ) 
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Methane, as a byproduct of oil drilling, is often vented directly 
into the atmosphere, unburned. There is a lot of it that goes out. 
Flaring of this unwanted natural gas in the bake and shale forma- 
tion in the Northern Great Plains has been estimated to be costing 
landowners, who receive royalties based on the value of the re- 
sources collected from their land, about $100 million per month in 
lost royalties. 

Even in the natural gas sector, where methane is the product 
and not a byproduct, significant amounts are emitted unintention- 
ally through leaks or through inefficient drilling practices. In fact, 
3 years ago the Government Accountability Office estimated that 
around 40 percent of the natural gas vented and flared on offshore 
Federal leases could be economically captured with currently avail- 
able control technologies. 

Domestic natural gas production is expected to grow by about 44 
percent from 2011 through 2040, so fugitive methane will pose an 
ever greater risk to the environment and to the bottom line of nat- 
ural gas companies and mineral rights owners. 

But there are real opportunities here for producers and the envi- 
ronment. Two of our witnesses. Dr. David Allen of the University 
of Texas and Dr. A. Daniel Hill of Texas A&M, worked with a team 
of other scientists on a study demonstrating the promise of cost-ef- 
fective technologies that significantly lower fugitive methane. 

Research also shows that broad application of more efficient 
practices, such as those used by natural gas companies like South- 
western, have immediate and significant economic and environ- 
mental benefits. To be sure, implementing fugitive methane cap- 
ture technologies faces economic, logistical, and legal obstacles. 
Nonetheless, there is evident potential for economically attractive 
ways to reduce fugitive methane within the oil and gas sector. 

I want to thank all of our witnesses for their testimony, and I 
want to particularly thank our ranking member. Senator Inhofe, 
and also Senator Vitter of Louisiana for being here today. Today’s 
discussion, I hope, will help Congress and the Administration bet- 
ter understand fugitive methane and develop win-win policies that 
help industry and the environment. 

Now I will turn for opening remarks to our ranking member. 
Senator Inhofe. 

OPENING STATEMENT OF HON. JAMES M. INHOFE, 

U.S. SENATOR FROM THE STATE OF OKLAHOMA 

Senator Inhofe. I appreciate it, Mr. Chairman. Thank you. 
Thank you very much. This is one of the areas where we are going 
to find a lot of agreement with each other. And when you talk 
about a win-win situation, I think we are looking at one that might 
be. 

Again, I want to welcome Sarah Dunham. She and I got to know 
each other in my office back during the confirmation time of Gina. 

This issue is something I have been involved with for quite a 
number of years. Data started being collected about the time 
around the Natural Gas STAR Program, when it started. At that 
time, I chaired this Committee. The Natural Gas STAR is a vol- 
untary program designed to allow industry to collaborate and share 
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best practices to reduce emissions from production activities. So 
you had a lot of cooperation there between industry and the EPA. 

We all know that oil and gas firms already have an incentive to 
reduce methane emissions. Methane is natural gas. If I were on the 
board of directors, as all other directors would feel, they don’t want 
to waste this stuff; it has a value to it. So we are all together on 
that. 

The Natural Gas STAR was all about EPA working collaborative 
with industry to help them collect the data and share best prac- 
tices. It was a common goal, so everyone cooperated. Unfortunately, 
the EPA used the category of data it collected through the Natural 
Gas STAR program to justify some of its new oil and gas regula- 
tions. To make matters worse, EPA increased their emission esti- 
mate by assuming that methane is vented during the hydraulic 
fracturing process whenever there is not a State law mandated 
that it be flared, and that simply is not true. 

I wrote a letter pointing this out as a problem back in April, 
about a year and a half ago. The Agency has gone ahead and final- 
ized that rule anyway. Since then, the EPA has started to make 
some modifications to its inventory of methane emissions from oil 
and gas operations, but it has come only as a result of some of our 
personal attention to this matter. 

I discussed this at great length with Gina McCarthy during her 
confirmation process, and once at a time when Ms. Dunham was 
there in her office, in present. I am very appreciative that she 
made some adjustments, which she did. I remember we had some 
stakeholders in the room at that time and she made some adjust- 
ments, but even then we still have major questions about the in- 
ventory data EPA had on emissions during the hydraulic fracturing 
process. 

Industry had regularly communicated to me that the estimates 
from EPA were too high, which was contributing to the alarm sur- 
rounding the hydraulic fracturing process. A few weeks ago I think 
we were vindicated when we had the study the chairman referred 
to. The University of Texas, in conjunction with the Environmental 
Defense Fund, releasing a study that showed methane emissions 
during the hydraulic fracturing process had been overestimated by 
the EPA by 50 times. Not double, not triple, not 10 times; 50 times. 

This study relied on real measurements, as opposed to EPA’s 
general computer modeling estimates, so the new data we have 
now is significantly more trustworthy than we had before. And dur- 
ing the question and answer, of course, I am going to try to see 
where we are right now in considering this new data as opposed 
to some of the computer modeling that we had before. 

Fortunately, industry has made significant headway toward re- 
ducing even those emissions further. The industry is known for its 
world class research and development practices and partnerships 
with leading universities around the world and, as a result, newer 
technology and process are constantly being developed. 

If a firm finds a better way to recover a resource, without losing 
it to the atmosphere, they are going to do it. As I said, it is to their 
benefit to do it. Still, some critics have raised the concerns about 
the amount of flaring that is going on in North Dakota and other 
regions that are being targeted for their rich deposits of oil, but 



4 


often yield natural gas too. In many of these cases the companies 
simply cannot immediately justify the gathering network of pipe- 
lines needed to capture the gas and transport it to the market. 
Since gas isn’t liquid, it is a lot harder to move around, to trans- 
port. 

One of the best ways that we could help the situation is to allow 
a widespread LNG exports, which are currently restricted by the 
Department of Energy, and if we were to do that, then demand for 
natural gas, which is currently very low relative to the supply that 
is out there today, would become more solid and more of these 
gathering networks could be justified, which would reduce flaring 
and increase domestic gas supply. So, again, that would be a truly 
win-win situation. 

So regardless, it is crucial that EPA have the most up to date 
and accurate information in its methane emissions inventory. It is 
my hope that they will be able to immediately make some adjust- 
ments in light of the recent University of Texas EDF study. 

Thank you, Mr. Chairman. 

Senator Whitehouse. Thank you. Chairman. 

I invite Senator Vitter to make any opening remarks he may care 
to make. 


OPENING STATEMENT OF HON. DAVID VITTER, 

U.S. SENATOR FROM THE STATE OF LOUISIANA 

Senator Vitter. Thank you, Mr. Chairman. I would just like 
unanimous consent to submit my opening statement for the record. 

Senator Whitehouse. Without objection. 

Senator Vitter. And then I will summarize it very briefly. 

I certainly want to associate myself with Senator Inhofe’s re- 
marks. This is important because this activity, this oil and gas ac- 
tivity, and particularly fracking, is at the center of the biggest posi- 
tive development in our economy in the last decade, and it is cre- 
ating good paying jobs, lower energy prices, increased energy secu- 
rity, revitalized manufacturing. So that is important for our econ- 
omy and it is important, therefore, to get this right based on the 
real science. 

I also want to underscore how important it is that we talk about 
the University of Texas Environmental Defense Fund collaborative 
study, which is the first study, as Senator Inhofe said, to base 
measurements on actual production sites, actual measurements of 
190 production sites, not hypothetical extrapolations or computer 
models. Again, as Senator Inhofe said, that study underscores how 
off the EPA has been on this issue. 

So I look forward to focusing on that so that we can get this right 
based on the science, do the responsible thing, and do it in a way 
that allows us to continue with this real positive game changer, 
building American jobs. 

Thank you. 

[The prepared statement was not received at time of print.] 

Senator Whitehouse. Thank you. Senator. 

I am now pleased to introduce our first witness, Ms. Sarah 
Dunham, who is EPA’s Director of their Office of Atmospheric Pro- 
grams within the Office of Air and Radiation. She is here to pro- 
vide an overview of the Administration’s work on fugitive methane 
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emissions. I am encouraged that the President’s Climate Action 
Plan includes the development of an interagency methane strategy 
and that EPA will be leading that team, and I look forward to 
learning more about the process and the other work being done by 
EPA to address fugitive methane. 

Ms. Dunham, welcome and please proceed. 

STATEMENT OF SABAH DUNHAM, DIRECTOR OF THE OFFICE 

OF ATMOSPHERIC PROGRAMS, OFFICE OF AIR AND RADI- 
ATION, U.S. ENVIRONMENTAL PROTECTION AGENCY 

Ms. Dunham. Thank you. Good afternoon. Chairman Whitehouse 
and Ranking Members Vitter and Inhofe and members of the Sub- 
committee. I appreciate the opportunity to testify today regarding 
methane, a potent greenhouse gas. 

My name is Sarah Dunham and I am the Director of the Office 
of Atmospheric Programs in the Office of Air and Radiation at the 
U.S. Environmental Protection Agency. The Office of Atmospheric 
Programs works to protect the ozone layer, improve regional air 
quality, and address climate change. My testimony today will focus 
on the importance of continued methane emission reductions to ad- 
dress climate change. 

There is overwhelming scientific evidence that climate change is 
happening, that human activity is largely responsible, and that, if 
left unchecked, the impacts will be severe. Efforts to reduce carbon 
pollution, including short-lived gases such as methane, are criti- 
cally important to public health and the environment. 

Although the majority of greenhouse gas emissions consist of car- 
bon dioxide, other powerful greenhouse gases significantly con- 
tribute to climate change, including methane, which is also an 
ozone precursor. The latest Intergovernmental Panel on Climate 
Change assessment report estimates the 100-year warming influ- 
ence from one ton of methane is 28 times greater than from one 
ton of carbon dioxide. In 2010, methane emissions accounted for 14 
percent of global greenhouse gas emissions and approximately 9 
percent of U.S. greenhouse gas emissions. However, total U.S. an- 
thropogenic methane emissions are projected to increase by 3 to 9 
percent by 2030, compared to 2010 emissions levels. 

Methane is primarily released from six sectors: natural gas sys- 
tems, petroleum systems, agriculture, landfills, coal mining, and 
municipal wastewater. The EPA provides annual national methane 
emissions estimates for each sector in the Inventory of U.S. Green- 
house Gas Emissions and Sinks. Along with a number of other or- 
ganizations, we continue to work to improve measurement meth- 
odologies and emissions estimates. There have been several recent 
studies and analyses that help to improve emissions estimates in 
the natural gas sector. The EPA has reviewed and used these 
sources, along with data from the Greenhouse Gas Reporting Pro- 
gram, to update the most recent Inventory estimates for this sector. 
The EPA will continue to review new data and analyses to ensure 
that the Inventory reflects industry practices. 

Since the 1990s, the EPA, in partnership with industry, has been 
working with great success to reduce methane emissions domesti- 
cally through programs such as Natural Gas STAR, Ag STAR, the 
Coalbed Methane Outreach Program, and the Landfill Methane 
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Outreach Program. These programs focus on removing market har- 
riers and increasing the use of cost-effective emission reduction 
technologies. 

We also expect significant domestic methane emissions reduc- 
tions as a co-benefit from Clean Air Act regulations, including the 
Oil and Gas New Source Performance Standards for Volatile Or- 
ganic Compounds. The EPA estimates that the Oil and Gas New 
Source Performance Standards, finalized in 2012, will result in up 
to 1 million to 1.7 million tons of methane reduced annually. 

Additionally, the President’s Climate Action Plan, issued in June 
of this year, calls for broad Federal activities to address climate 
change, including the development of a comprehensive, interagency 
strategy to address methane emissions. The EPA is currently work- 
ing with other agencies to assess emissions data, address data 
gaps, and identify opportunities to further reduce methane emis- 
sions through incentive-based programs and existing authorities. 

To conclude, reducing methane emissions is critical to mitigating 
the impacts of global climate change. We have made progress, but 
there is more to be done and the interagency strategy that the 
President’s Plan calls for will put us on a solid path forward to re- 
alize even further carbon pollution reductions. 

Thank you again for the opportunity to testify, and I look for- 
ward to answering your questions. 

[The prepared statement of Ms. Dunham follows:] 
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statement of Sarah Dunham 
Director, Office of Atmospheric Programs 
U.S. Environmental Protection Agency 

Hearing on 

"Fugitive Methane Emissions from Oil and Gas Operations" 

Subcommittee on Oversight 
Committee on Environment & Public Works 
U.S. Senate 
November 5, 2013 

Good afternoon Chairman Whitehouse, Ranking Member Inhofe, and members of the 
Subcommittee, I appreciate the opportunity to testify today regarding methane, a potent greenhouse 

gas- 


My name is Sarah Dunham, and I am the Director of the Office of Atmospheric Programs in 
the Office of Air and Radiation at the U.S. Environmental Protection Agency. The Office of 
Atmospheric Programs works to protect the ozone layer, improve regional air quality, and address 
climate change. My testimony today will focus on the importance of continued methane emissions 
reductions to address climate change. 


Methane Emissions and Climate Change 

There is overwhelming scientific evidence that climate change is happening, that human 
activity is largely responsible, and that if left unchecked, the impacts will be severe. Efforts to reduce 
carbon pollution, including short-lived gases such as methane, are critically important to public health 
and the environment. 

Although the majority of greenhouse gas emissions consist of carbon dioxide, other powerful 
greenhouse gases significantly contribute to climate change, including methane, which is also an 
ozone precursor. The latest Intergovernmental Panel on Climate Change assessment report estimates 




the lOO-year warming influence from one ton of methane is 28 times greater than from one ton of 


carbon dioxide. In 2010, methane emissions accounted for 14% of global greenhouse gas emissions 
and approximately 9% of U.S. greenhouse gas emissions.^ However, total U.S. anthropogenic 
methane emissions are projected to increase by 3-9% by 2030, compared to 2010 emissions levels. 

Methane Emissions Data 

Methane is primarily released from six sectors: natural gas systems, petroleum systems, 
agriculture, landfills, coal mining, and municipal wastewater. The EPA provides annual national 
methane emissions estimates for each sector in the Inventory of U.S. Greenhouse Gas Emissions and 
Sinks. Along with a number of other organuations, we continue to work to improve measurement 
methodologies and emissions estimates. There have been several recent studies and analyses that 
help to improve emissions estimates in the natural gas sector. The EPA has reviewed and used these 
sources, along with data from the Greenhouse Gas Reporting Program, to update the most recent 
Inventory estimates for this sector. The EPA will continue to review new data and analyses to ensure 
that the Inventory reflects industry practices. 

EPA Methane-Related Activities 

Since the 1990s, the EPA, in partnership with industry, has been working with great success to 
reduce methane emissions domestically through programs such as Natural Gas STAR, Ag STAR, the 
Coalbed Methane Outreach Program, and the Landfill Methane Outreach Program. These programs 
focus on removing market barriers and increasing the use of cost-effective emission reduction 
technologies. 

' The.se emissions percentages are from the U.S. Greenhouse Gas Inventory, which uses the methane 
global warming potential of 21 from the IPCC Second Assessment Report (SAR), 
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We also expect significant domestic methane emissions reductions as a co-benefit from Clean 
Air Act regulations including the Oil and Gas New Source Performance Standards for Volatile Organic 
Compounds. The EPA estimates that the Oil and Gas New Source Performance Standards, finalized in 
2012, will result in up to 1.0 to 1.7 million tons of methane reduced annually. 

President's Climate Action Plan 

Additionally, the President's Climate Action Plan issued in June of this year calls for broad 
federal activities to address climate change including the development of a comprehensive, 
interagency strategy to address methane emissions. The EPA is currently working with other agencies 
to assess emissions data, address data gaps, and identify opportunities to further reduce methane 
emissions through incentive-based programs and existing authorities. 

Conclusion 

To conclude, reducing methane emissions is critical to mitigating the impacts of global climate 
change. We have made progress, but there is more to be done and the interagency strategy that the 
President's Plan calls for will put us on a solid path forward to realize even further carbon pollution 
reductions. 


Thank you again for the opportunity to testify. I look forward to answering your questions. 
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Environment and Public Works Committee Hearing 
Novembers, 2013 

Follow-Up Questions for Written Submission 


Questions for Dunham 

Questions from; Senator David Vitter 

1. The recent EPA regulations on the oil and gas sector were a result of a lawsuit filed by 
environmentalists alleging that EPA missed statutory deadlines for reviewing and updating 
the previous NSPS and NESHAP standards for the oil and gas sector, is that correct? 

The Clean Air Act retiuircs the EPA to set new source perrormance standards (NSPSl for 
industrial categories that cause, or significantly contribute to. air poiliilion that may etidatigcr 
public health or vvelfarc and set sliindards for the cmi.s.sions of air losics. also called hazardous 
air poilulaiits that arc knovvn or suspected of causing cancer and other serious health cITccIs 
fNESllAI'). The agency is then recpiired to review the NSl’S and conduct a tcclinology 
review ol’thc NESHAP every eight years, and also conduct a residual risk review one time, 
within eight years after the NE.Sl lAP is issued. I'he previous NSP.S, for volatile organic 
conipound.s and .sulfur dioxide, were i.ssucd in l‘>8.5 and the NESI lAP for both oil and natural 
gas production and natural gas tniiisinission and storage were issued in In 2009. since 

the agency had not taken the required actions. Wild Earth Guardians and .San Juan Citizen.s 
•Alliiinee sued EPA to review the NSPS and to conduct the resithial risk and technology 
reviews of the NESHAP as required by the (.'lean Air Act. 


llic EPA agreed to a schedule for revievv and notice aiul comment rulemtiking to fulfill that 
statutory requiremcm. which we met with final rules published in the Eedenil Register on 
August If). 2012 (77 FR 49489). I'he "Oil and Natural Gas Sector: New Source Performance 
Standards (NSPS) and National Emission Standards tor Hazardous Air Pollutants (NESHAP) 
Reviews" had several components. First, it revi.sed the NSPS for volatile organic compounds 
at onshore natural gas processing plants and revised the NSPS for sulfur dioxide emissions 
frmn natural ga.s processing plants. Second, it established NSPS for certain oil and ga.S' 
operations not covered by tiie existing slaiirlarrls. 'fliirrl. it ilnalized the residual risk and 
technology review tor tlie Gil aird Natural Gas IToduelion source category and the Natural 
Gas 'friinsmlssion ami Storage source category. 


a. Because this lawsuit was centered around updating existing emissions standards, 
EPA did not affirmatively find it appropriate to revise the oil and gas NSPS to 
directly regulate methane emissions? 


1 
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111 the final rule. fl’A chase lo continue to evaluate the appropriulencss of regulating 
methane with an eye loivaiJ taking aiklitional step.s if appropriate. The agency noted 
that the collection of further data through the firccnhouse Oas Reporting I’rogiam 
(Cil IGRR) and other data sources would help KI’A evaluate whether it is appropriate lo 
direelly regulate methane from oil and gas sources covered by the 2012 rulemaking.' 

2. Does the Agency have any guidance or cut off as lo what point a "co-benefit" is 
actually no longer a "co-benefit?" For example, the NSPS rule for oil and gas finalized by 
EPA is largely justified by the reduction of methane, a "co-benefit." These methane 
reductions are over 90 times greater than the reductions of hazardous air pollutants the rule 
primarily seeks to regulate. At what point in a rule like this does the "co-benefit" actually 
become the subject of the regulation? If a "co- benefit" results in 10 times the emissions 
reductions than what a rule is meant to address, is it still a "co-benefit"? What about 50 
times? 

i’ollulion controls often reduce multiple pollutants, leading to significant eo-benefils from the 
application of those controls. For example, in the oil and gtus sector, the use ol' reduced 
emissions completions ofhydriiulieally iVacUircd natural gas wells reduce VOC emissions and 
also provide signillcanl melhane co-henelils at no additional co.sl, I lowevcr. these methane 
co-benellls were not considered when I.'PA determined the cost-ciTective level of control in 
selling standards in the 2012 rulemaking which relied Ihc best .sy.slem of emission reduction 
for VOC. The reductions of pollutaius beyond those directly tiiigcled by the regulation are 
considered co-benefits regardless of their magnitude. Best practices for economic analysis and 
guidance from the Office of Management and Budget rct|uii e that the EPA consider all 
benefits of a regulation, including aiieillary benefits. 


a. Methane reduction is clearly a large "co-beneril"of the newly updated air rules for 
the oil and gas industry. Should EPA move to further regulate air emissions from 
the oil and gas industry - particularly melhane specific regulations - would the 
Agency count reductions in methane emissions from the current rules as benefits 
for future new rules? 

No. When the EPA calculates benefits fora new regulation, those benefits are 
above and beyond reductions the agency previously estimated for other pollution 
control regulations that are already ‘"on the books.” 

b. Can EPA commit to that any future air rules related lo the oil and gas industry, 
for example one specifically regulating melhane, will not double count the 
benefits already used by the Agency In other rules to justify costs or inflate 


‘ "Oil and Natural Gas Sector: New Source Performance Standards and National Emission Standards for 
Hazardous Air Pollutants Reviews; Final Rule," 77 Federal Register 159 (August 12, 2012), pp 49513. 

2 
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benefits that are already in place? 

Yc.s. When the liPA ctiicLilalcs benefits Ibr a new regiiliition. lltose henefits are above 
and beyond reductions the agency previously estimated (or other pollution control 
regulations thtil ttre already "on the books." 

3. EPA received a notice of intent to sue from seven northeastern — largely non-oil and 
gas producing- Slates Attorney Generals to force the agency to create additional 
regulations on the oil and gas industry in order to directly regulate methane. What are 
era's plans in regards to additional rulemakings on methane or other potential air 
emissions related to the oil and gas industry? Are there any efforts underway now? 


EPA received the "Glenn Air Ael Notice of Intent to Sue for I'aihirc to Determine Whether 
Standards of Performance .Arc Appropriate for Mcliiane Emissions from Oil and Gas 
Operalioiis, and to iistahlish Such Standards and Kclaled (iuidelincs for New and Existing 
Sources." The notice ofiiUenl lo sue wais submitted by the slates of New York, Connecticut, 
Delaware, Mary land. M!is,suchusctl.s. Rhode Island and Vermont on December i 1. 2012. At 
this lime no decisions have beeti made regarding EPA's respon.se to this notice of intent lo 
sue. 


Additionally, after promulgating final actions in 2012. EP.A received i 1 petition.s Ibr 
rccon.sidcralioii on both the NSPS and the NIvSI lAP. The petitions were submitted by 
industry , stales atid NCiOs. The iigency has agreed to respond to those petitions, and is 
currently evaluating the i,s.sues Ihtit were raised. (Jnc pclilioiicr asked EPA lo reevaluate the 
deci.sion not lo regulate methane under the NSPS. No decisions regarding regulation of 
methane have been made. 1 he l-iPA plans to proiio.se reconsiderations of botli the NSl’S and 
Nl'SMAP as soon as possible. 

a. Given the fact that EPA's air rules on the oil and gas industry which the Agency 
contends will have significant methane emissions reductions have not been fully 
implemented yet, can the Agency commit to not moving forward with new 
regulations until a recent NSPS andNESHAP are fully implemented and EPA has 
a better idea of the state of emissions at that time? 

On September 23 . 2013. EPA published final time-critical updates lo the NSPS for 
storage tanks in the oil and natural ga.s sector. I'hc changes rcHect recent informtition 
showing that more higher-volume .storage tanks will he coming on line tiiun tlic 
agency originally esiiiviated. Additionally, the agency is in the process of addre.ssing 
.several additional issues raised In the 20 1 2 petitions for reconsidenition of both the 
NSPS and the NliSll.AP that the .Ageney believes warrant reconsideration. EPA 
intends to issue proposals to address tlie.se issues as soon as possible. The ageney 
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cciiuimics lo woi'k ihi'ougli tiic complex issues thut vvere raised but lias not delerminetl 
which issues I'or which rcconsideralion should be granled. As a result, the agency 
cannot commit lo a specific timeline; iherclore, ii is uncertain whether these 
reconsidcriitions will be issued before or after the full implemcntalion of the 2012 
NSIfSaiulNHSIIAP. 

b. The UT-EDF study used real world data to clearly show that EPA's methane 
emissions estimates from hydraulically fractured wells were grossly overinflated. 
Will EPA take this empirical data into consideration prior to crafting any 
potential new emissions regulations with regard to hydraulically fractured wells? 

l-.PA is currently eviiluating the IJ'f Au.stin-EI)b' study on methane emissions from the 
gas industry, and is seeking stakeholder input on use of Ihc study data. Ovendi, this 
study found that total methane emissions from natural gas production, from all sources 
measured in the study, were comparable to the most rceenl EPA estimates.* 

Research studies like the I I'l' Auslin-EDE study will add to liPA's knowledge base of 
this sector's (il Ki emissions. EPA is encouraged that more methane emissions 
measurement dtitti for the gas industry are now aviulable to the public and to EPA as 
we consider itnd/or ertift any future regulations. 

c. Can you commit that if EPA moves further to regulate air emissions from the oil 
and gas industry the Agency will not rely on their outdated data but rather use 
actual emissions that among other things have shown significantly less real 
emissions from hydraulic fracturing? 

The natural ga.s .sector has experienced significanl growth and changes in industry 
practices in recent years, and the EPA will eonlinuc to evaluate emis.sions e.stimales 
I'or (his sector. There arc a variety of cxi.sting and planned oil and natural gas 
emissions studies and data collection efforts underway. As always, the EPA is 
eommilled to reviewing all new data (such as data from the Greenhouse Ga,s Reporting 
Program and the UT Austin-EDE study) lo ensure its emis’sions estimates reflect the 
most robu.st data and information available. 

In support of the Administration's Strategy lo Reduce Methane Emissions, on April 
15. 2014. HPA released a .scries of live while papers on potentially signilleant sources 
of volatile organic compound ( VOCs) and methane in the oil and gas sector for input 
from a panel of independent experts. The white papers foeu.s on technical is.sues 


‘ See page 1 of (Allen et al. 2013), Measurements of methane emissions at natural gas production sites in the 
United States. PNAS. vol. 110 no. 44. 
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covering emissions nnd mitigaiion techniques, BPA will use the papers, along with 
input from the experts and technical input and data from the public to determine how' 
to best pursue further reductions from these soumes. The papers do not draw policy 
conclusions. 

4. What is the status of the Comprehensive Interagency Methane Strategy announced by 
the President in June? Who is involved, and can you tell me when the strategy will be 
released? 


The BPA and the Deparlmenfs of Agriculture. Energy, Interior, and Transportation worked 
togciher to develop a comprehensive Strategy to Reduce Methane Emissiotis. which was 
released by the Administration on March 28. 2014. 

a. Is there any public or stakeholder involvement in this strategy? If so please 
describe. 

The Secretary of Energy is convening a .series of Roundtable discussions that began in 
March, on issues related to methane emissions, with leaders from industry, state 
governments, academia, non-governmental organizations, and labor. In addition, in (he 
spring oi'2014, KPA will begin to engage industry, states, and other key stakeholders 
on ways to enhance the Natural Gas STAR itrogram. and will formally launch the new 
partnership by tlic end of 2014. 

b. What is EPA’s role? 

The Pcesident's Climate Action Plan commits the Administration to making additional 
progress in reducing methane emissions by developing an interagency, multi-sector 
methane strategy for "assessing eurrent etnissions data, addressing data gaps, 
identifying technologies and best practices lor reducing emissions, and identifying 
existing authorities and incentive-based opportunities to reduce methane emissions," 

A number of agencies including the Environmental Protection Agency, the 
Dcpartmenl ofEnergy, the Department of .Agriculture, (he Department of Interior, the 
Dcpiirtment of T ransportation, and the Department of Commerce worked together to 
develop a comprehensive methane strategy. The liPA has been a key participant and 
contributor, providing input ba.scd on our experiettee working with the US National 
Greenhouse Gas luiiissions hiN'cntory. the Cireenhou.se Gas Reporting Program, and 
our voluntary and reguliitory programs. 

In implementing this interagency methane strategy, the Obama Administration will 
work eollaboratively with state governments, as well as the private sector, to reduce 
emissions across multiple sectors, improve air quality, and achieve public health and 
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economic bcnetlts, 

5. !n the President's Climate Action Plan when addressing the issue of reducing 
methane emissions the plan states "when it comes to the oil and gas sector, 
investments to build and upgrade gas pipelines will not only put more Americans to 
work, but also reduce emission and enhance economic productivity." Does EPA 
have a role in the permitting of natural gas infrastructure? Does EPA share the 
President's goal of e.xpeditiously building more natural gas pipelines and 
infrastructure? 

Fhc Administration continues to believe that our abundant domestic natural gas resources 
have tin important role to play in the transition to a clean energy economy. The EPA does 
not directly permit natural gas infrastructure development, but does play a role in 
permitting air emission.s from a limited number of sources that make up the natural gas 
infraslruelLirc, For example, new or mollified mtijor sources ol'air emissions, such as the 
large compressors used in natural gas transmission pipelines, could be required to obtain 
a pre-construetioii permit prior to construction. The level of emissions al which such a 
permit is required varies depending on the air quality of the area in which the .source will 
locate. This federal permit program, known as new .source review (NSR). is typically 
implemented hy slate or local permitting authorities under the rules approved into their 
Slate Inipleinenlaiion Plans (SIPs), In some jurisdictions, such as Indian Country, EPA 
is the permitting authority. After eonsiruetion, these major sinirees may be required to 
obtain an operating permit under title V of the Clean Air Act, l.ike the NSR. program, 
the title V permit would typically be issued by the stale, local or tribal agency responsible 
for the area in which the .source is loeaied. The .Agency is eommitled to improving our 
undenstanding of methane emissions and working with industry to idenlil'y eo.st-et'fective 
reduction opportunities in order to eivsiire that new oil and gas development is done in a 
eommonsense way that protects the environment, eommuniiies. and the public. 
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Senator Whitehouse. Thank you, Ms. Dunham. I appreciate 
your testimony here. You concluded by saying that the EPA esti- 
mates that the Oil and Gas New Source Performance Standards fi- 
nalized in 2012 will result in between 1 million and 1.7 million 
tons of methane reduced annually. What are the technologies that 
are required to achieve that? Are we dealing with very experi- 
mental or cutting-edge technologies or is this pretty established 
stuff? 

Ms. Dunham. Thank you for that question. The New Source Per- 
formance Standard that I referred to really builds upon and re- 
quires a set of technologies and best practices that have been the 
industry has already proven are cost-effective and very effective at 
reducing methane emissions. A number of technologies that the in- 
dustry leaders have been deploying for a number of years and that 
we have been working with industry through our Gas STAR pro- 
gram to show that they really do cost-effectively reduce and cap- 
ture emissions. It is those types of technologies that form, really, 
the heart of the requirements under the New Source Performance 
Standard. 

Senator Whitehouse. So they are both established technologies 
and cost-effective for the implementing companies, not counting the 
social effects or the social benefits. From a pure company point of 
view they are cost-effective? 

Ms. Dunham. That is true. The cost-effectiveness largely comes 
from capturing the natural gas emitted during the process and 
using that, as you know, as a valuable energy resource. 

Senator Whitehouse. Do you estimate how much these reduc- 
tions will save industry participants each year? 

Ms. Dunham. Yes, sir. We have estimated for when the rules 
have been fully implemented, in 2015 and beyond, that the rules 
show a savings of between $11 million and $19 million a year, 
again, to the previous point, largely from reducing the waste of the 
valuable resource of natural gas. 

Senator Whitehouse. And do you think that the New Source 
Performance Standards have driven down actual fugitive methane 
emissions from oil and natural gas systems at this point? 

Ms. Dunham. We are certainly working with industry collabo- 
ratively as industry is working to implement these regulations. A 
number of the dates haven’t yet been fully realized in terms of 
when the compliance requirements are, so we don’t have in our 
data collection, for example, our greenhouse gas reporting program, 
where some of the data would show up, we don’t have that yet to 
show it, but we certainly are hopeful and we expect that the bene- 
fits that we projected under the rule will be achieved. 

Senator Whitehouse. You all at EPA are the lead on the Presi- 
dent’s Climate Action Plan. What can you tell us about what you 
expect EPA’s role to be in terms of how you expect the process to 
work and any timeline or deliverables that you have in mind at 
this point? 

Ms. Dunham. One point to point out is we do, through our part- 
nership programs, largely, have a long history of working with in- 
dustry, again, on a very collaborative and partnership basis across 
a number of different sectors to help reduce methane emissions, so 
we are bringing that into the interagency discussions. But the de- 
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velopment of the methane strategy called for in the President’s Cli- 
mate Action Plan is being led through the White House through 
the collaboration of multiple Federal agencies, because I think, as 
you pointed out, there are multiple agencies who have a role here 
in looking at reducing methane emissions from multiple sectors. 

Senator Whitehouse. And what do you think your timeline is 
likely to be? 

Ms. Dunham. I don’t have a timeline right now, but I think what 
I can do is take back that question and that interest back, particu- 
larly to the interagency group and the White House, and we can 
follow up. 

Senator Whitehouse. Good. Anything on like timeline, process, 
and deliverable points where it will help us kind of mark your 
progress as you go forward I think would be very helpful. 

Ms. Dunham. OK. 

Senator Whitehouse. Senator Inhofe. 

Senator Inhofe. Thank you, Mr. Chairman. Again, I welcome 
our witness here. You have been career and you have been through 
this. You were in the new STAR program and were very familiar 
with the benefits, and with the cooperation that we have histori- 
cally had, at least I believe at that time, we don’t have quite that 
same cooperation now, from my estimation. 

Now, on this program that was put together by the University 
of Texas and the EDF, have you looked at this? Have you formed 
any personal evaluations as to the accuracy of the results that they 
came up with? Have you looked at this? I guess I will rephrase it 
a different way. Do you object to their results in any way? 

Ms. Dunham. Well, sir, I think one of the things I noted in my 
testimony is that there have been, and continue to be, a number 
of studies in this area of measuring the emissions from the natural 
gas sector, and I think we see the study that you will hear about 
from the next panel as one of the very significant ones that is pro- 
ducing a lot more data in this area, so we hope to evaluate it and 
draw from that moving forward. 

Senator Inhofe. But don’t you think, though — you are talking 
about the University of Texas here, you are talking about the EDF. 
These are groups that normally would not be entrenched in one 
side or the other, and here they are together in agreement with 
each other. And the reason I bring this up, if this were like a two 
to one variance from what our data that was used for models, then 
I would feel a little bit differently about it, but right now are you 
currently making changes as a result of this in terms of what you 
are expecting from industry, in terms of your relationship with 
other entities and also international groups such as the United Na- 
tions? Are you sending out anything saying we are correcting er- 
rors that we made in the past, which is understandable, because 
this is the first time there has really been a study like this that 
has taken place? 

Ms. Dunham. I think the subject of the study that was done by 
the University of Texas and this group is definitely an area that 
we have already very publicly called attention to as an area where 
we are seeking additional data and it would be very helpful to have 
additional data. So it is very timely and relevant to those sorts of 
efforts that we have been saying over the last year or so and par- 
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ticularly called out in our most recent greenhouse gas emissions in- 
ventory as an area where we were seeking additional data and 
looking for enough data to possibly look at different methodologies 
for estimating emissions from this sector. So some of the specific 
things that we asked for in that inventory this study is very rel- 
evant to. 

Senator Inhofe. I know you know this because I have said it so 
many times and one time or another you have heard it. The first 
hydraulic fracturing that took place was in my State of Oklahoma 
in 1948, and I can remember the predecessor, back when Lisa 
Jackson was the director of the EPA, in response to the question 
has there ever been a documented case of contamination as a result 
of hydraulic fracturing, and she said no. So I am very interested 
in this because, as you look around, you see this huge boon that 
is taking place right now. It is horizontal drilling and hydraulic 
fracturing. Without that we probably wouldn’t be having this meet- 
ing today. 

So my concern is, and I was very pleased to see the results of 
this study that took place, that we immediately adopt this and dis- 
card anything that is in conflict with this and not continue with 
any kind of regulations that are underway right now until that is 
fully considered. Are there regulations right now that are under- 
way or being studied by the EPA? 

Ms. Dunham. We have a number of petitions for reconsideration 
and judicial review on the New Source Performance Standard that 
we finalized last year that I referred to, and we are continuing to 
evaluate those petitions and the issues that were raised in them. 

Senator Inhofe. With any regulations that are currently in the 
planning stage, would you do an advanced notice of proposed rule- 
making and allow comment to be taken on the notice to see if the 
regulations are even necessary or should be changed? 

Ms. Dunham. Again, I think to the extent that we are consid- 
ering additional issues, it is largely under the umbrella of the eval- 
uation of the ongoing petitions with respect to the process with 
which we would move forward with. I should note that it is not my 
office that owns the regulatory framework; what we do, largely, is 
support some of the analysis and the data on those. 

Senator Inhofe. Yes, but you are representing the EPA at this 
time. 

Ms. Dunham. That is true. 

Senator Inhofe. The last thing I wanted to mention, and maybe 
this would be something you might want to take for the record, be- 
cause one of the things that could improve the demand certainty 
of natural gas is to justify more gathering lines. This gets into the 
somewhat controversial area of exporting LNG. Of course, there are 
a lot of people who are opposed to it, saying that is going to cause 
the price to increase here in the United States, when in fact some- 
thing is going to have to be done because right now the supply and 
demand situation is such that we have something we could really 
offer in terms of the balance of trade and other things that we 
could be great beneficiaries of that. So do you have any comments 
right now in expanding the LNG exports? 

Ms. Dunham. I do not have any comments on that. 

Senator Inhofe. OK. Well, something to think about it. 
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Thank you, Mr. Chairman. 

Senator Whitehouse. You are very welcome, Senator. 

I will turn to Senator Vitter. 

Senator Vitter. Thank you, Mr. Chairman. 

And thanks, Ms. Dunham, for your work, for being here. 

The regulatory impact analysis for the final NSPS rule discusses 
the 2010 social cost of carbon estimates developed by the Adminis- 
tration’s interagency working group, and this year that working 
group released revised social cost of carbon estimates and those are 
being used in a lot of EPA proposals, so they are very significant. 
During all your work at EPA, have you participated, or do you now, 
in that interagency working group work on the social cost of car- 
bon? 

Ms. Dunham. We have folks in my office who are part of the 
technical group that goes into the modeling context. 

Senator Vitter. So your office certainly participates in that. 

Ms. Dunham. It participates in the development of the analysis 
and the modeling. 

Senator Vitter. OK. And personally have you attended meetings, 
provided materials, analysis during the development of those social 
costs of carbon estimates? 

Ms. Dunham. I have certainly attended some meetings. There 
are a lot of different meetings on these, but I certainly attended 
some meetings that have discussed the updated social cost of car- 
bon estimates, and particularly with respect to the technical work 
and the modeling and some of the differences. 

Senator Vitter. Where I am going is to anyone outside the Ad- 
ministration, including me, this is like a black box, and we have 
been asking a number of legitimate questions through at least two 
letters about that process and about the participants, and I have 
just gotten no information yet. So are you aware of others who 
have been involved in that process? 

Ms. Dunham. I am certainly aware of your interest in the subject 
and knowing more about it, so what I can do is make sure that I 
take that interest back in learning more about what the process 
was. 

Senator Vitter. OK. Specifically, can you ensure that our inquir- 
ies are substantively addressed, including with a list of agency offi- 
cials who have participated in that social cost of carbon process? 

Ms. Dunham. I can certainly take your interest in getting that 
back to the agency. 

Senator Vitter. OK. I am not so much concerned about that; I 
am concerned about the other direction. 

Ms. Dunham. I understand. 

Senator Vitter. Will we get anything back from EPA or the Ad- 
ministration? 

Ms. Dunham. Yes. It is not my role at the Agency to speak for 
that, but I can take it back, your interest in it. 

Senator Vitter. Well, I would specifically ask you to get those 
legitimate questions answered, including a list of Agency officials 
who have participated. 

Ms. Dunham. Yes, sir. 
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Senator Vitter. Since you have been somewhat involved in the 
process, what officials do you know of who have participated di- 
rectly? 

Ms. Dunham. Well, I will tell you the discussions that I have 
been mostly involved with were really the technical and the mod- 
elers, and things like that. I know you are asking for a broader set 
of questions and frankly would like to defer to the Agency officials. 

Senator Vitter. OK. Well, since you are the witness, I would just 
like to ask for you to supplement this record with a list of all offi- 
cials that you know of who have participated in that. 

Ms. Dunham. OK. 

Senator Vitter. Great. Ms. Dunham, a number of us are a little 
concerned about the very sort of backdoor way EPA has gone at 
regulating methane through these lawsuits that were filed, includ- 
ing basically regulating it as a co-benefit. But the methane reduc- 
tions, at the end of the day, are on the order of 90 times greater 
than the reductions of hazardous air pollutants that the rule di- 
rectly seeks to regulate. Do you have any concern about that, sort 
of the tail wagging the dog? 

Ms. Dunham. Well, I think for a number of sectors methane is 
co-emitted with volatile organic compounds and, frankly, I think 
we — and a number of the technologies that have been used and are 
used in this regulation that capture both volatile organic com- 
pounds also capture methane. So I think using this sort of model 
of capturing the methane as a co-benefit is a helpful one in terms 
of using this very valuable natural resource that is being vented to 
the atmosphere without these technologies. 

Senator Vitter. OK. 

If I can have an additional 30 seconds. 

It appears EPA is also on the verge of getting sued again, prob- 
ably in an attempt to force the Agency into additional regulations 
that more directly regulate methane. As we speak, what are EPA’s 
plans in regard to additional rulemakings on methane? 

Ms. Dunham. Again, particularly with respect to the oil and gas 
sector, that is one of the issues that we have been petitioned on for 
reconsideration, so we are continuing to evaluate all those issues. 

Senator Vitter. Final question. 

Senator Whitehouse. For the record, could I just ask the wit- 
ness to define the word petitioned, what she means by that so that 
it is clear to people following this? 

Ms. Dunham. Yes. And maybe we can get back to you with a 
more formal legal definition of it, but we have petitions for recon- 
sideration of issues under the rule, as well as petitions for judicial 
review of the rule. But if you want a more sort of fuller explanation 
of both the petitions, as well as the use of that word, we would be 
happy to 

Senator Whitehouse. No, that is close enough. 

Ms. Dunham. OK. 

Senator Vitter. Final question. In any of that future work, will 
the EPA commit to using actual measurement data from actual 
sites like the University of Texas study — I am not suggesting that 
should be the entire universe — would seem to be qualitatively dif- 
ferent and better, if it is done right, than modeling, et cetera? 
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Ms. Dunham. We absolutely agree that the more actual measure- 
ment data there is that is available, we want to use that to im- 
prove our estimates. And I would just point out that there are a 
number of studies, in addition to the University of Texas one, in- 
cluding the now 2 years’ worth of greenhouse gas reporting pro- 
gram data that actually requires all facilities to report emissions 
to the Agency. That is another extremely valuable source of data 
for use in updating our estimates and making sure that they are 
based on the best available science. 

Senator Vitter. OK, thank you. 

Senator Whitehouse. Thank you very much, Ms. Dunham. We 
appreciate you being here and we appreciate very much your work. 

Ms. Dunham. Thank you. 

Senator Whitehouse. Enjoy the rest of the afternoon. 

Ms. Dunham. Thank you. 

Senator Whitehouse. If I may take just a moment’s recess while 
we call up the next panel of witnesses and ask the witnesses to 
come forward. 

[Recess.] 

Senator Whitehouse. Good afternoon, gentlemen. Thank you all 
for being here. I appreciate it very much. I think what I will just 
do is go right across the table, starting with Dr. Allen. Dr. Allen 
is the Gertz Regents Professor in Chemical Engineering and the 
Director of the Center for Energy and Environmental Research at 
the University of Texas at Austin. He has authored six books and 
over 200 papers in areas ranging from coal liquefaction and heavy 
oil chemistry to the chemistry of urban atmospheres. Dr. Allen’s 
work has focused primarily on urban air quality and the develop- 
ment of materials for environmental education in the past decade. 

He has also developed environmental educational materials for 
engineering curricula and for the University’s core curriculum. He 
was the lead investigator for the first and second Texas Air Quality 
Studies, which involved hundreds of researchers drawn from 
around the world and which have had a substantial effect on the 
direction of air quality policies in Texas. 

He received his bachelor of science degree in chemical engineer- 
ing with distinction from Cornell University. His master and Ph.D. 
degrees in chemical engineering were awarded by Cal-Tech in 1981 
and 1983. He has held visiting faculty appointments at Cal-Tech, 
the University of California Santa Barbara, and at the Department 
of Energy, and we are pleased to welcome him here. 

Dr. Allen. 

STATEMENT OF DAVID ALLEN, Ph.D., GERTZ REGENTS PRO- 
FESSOR IN CHEMICAL ENGINEERING AND DIRECTOR OF 

THE CENTER FOR ENERGY AND ENVIRONMENTAL RE- 
SOURCES, THE UNIVERSITY OF TEXAS AT AUSTIN 

Mr. Allen. Thank you very much for inviting me to appear in 
this hearing of the Environmental and Public Works Oversight 
Committee on methane leakage. My name is David Allen and I am 
a professor in the Cockrell School of Engineering and the Director 
of the Center for Energy and Environmental Resources at the Uni- 
versity of Texas at Austin. 



22 


Since January 2012, I have been leading a research team funded 
by Environmental Defense Fund and nine natural gas producers. 
The nine large and mid-sized companies that have participated in 
this study account for 16 percent of natural gas production and 
roughly half of new gas well completions in the United States. The 
research team making the measurements consisted of personnel 
from UT-Austin’s Cockrell School of Engineering and environ- 
mental testing firms URS and Aerodyne Research. 

The team has been making measurements of methane emissions 
from natural gas production sites throughout the United States, in 
locations ranging from Pennsylvania to the Gulf Coast and Rocky 
Mountains. In September this year, our first results were published 
by the Proceedings of the National Academy of Sciences. In these 
brief prepared remarks I will summarize the main findings of our 
work to date. 

The overall goal of the study was to measure methane emissions 
during natural gas production at a large number of recently devel- 
oped sites and to assess the national implications for methane 
emissions of these measurements. The team performed the first- 
ever direct measurements of methane emissions from some of these 
sources. 

Briefly, our study is based on measurements made at 190 pro- 
duction sites throughout the United States, with access provided by 
the nine participating energy companies. 

The collaboration of the energy companies and unprecedented ac- 
cess to their natural gas production facilities and equipment al- 
lowed our research team to acquire direct measurements of meth- 
ane emissions from natural gas production operations where hy- 
draulic fracturing is used. 

During the year-long study, the UT-led team selected times and 
general locations for sampling activities, and companies provided 
us with access to their sites. The sampling was designed to be rep- 
resentative of company operations in the Gulf Coast, Mid-Con- 
tinent, Rocky Mountain, and Appalachian regions. 

We measured methane emissions from hydraulically fractured 
well completions, a process that clears sand and liquids from a 
fractured well. For two-thirds of the completions sampled during 
the study, reduced emission completion equipment was used to re- 
duce methane emissions. This equipment reduced emissions by 99 
percent. 

For these wells, only 1 percent of the methane leaving the well 
during the completion fiowback was emitted to the atmosphere. Be- 
cause of this equipment, our estimates of national methane emis- 
sions from well completions are significantly lower than the cal- 
endar year 2011 national emission estimates that were released by 
the ERA in April 2013. 

We also found that emissions from certain types of pneumatic de- 
vices, which control devices such as valves on well sites, are 30 per- 
cent to several times higher than calendar year 2011 EPA esti- 
mates for this equipment. We estimate the combined emissions 
from pneumatics and equipment leaks account for about 40 percent 
of national emissions of methane from natural gas production. 
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We found that the total methane emissions from natural gas pro- 
duction from all sources measured in the study were comparable to 
the most recent calendar year 2011 EPA estimates. 

Having summarized the findings, I will briefly comment on the 
manner in which the work was reviewed. The nine natural gas pro- 
ducers and Environmental Defense Eund provided technical re- 
views throughout the study. In addition, a scientific advisory panel 
made up of independent academic experts reviewed the study. The 
panel reviewed project plans before data collection, preliminary 
findings, and the final manuscript that was published. Prior to 
publication, the study also went through the peer review process of 
the Proceedings of the National Academy of Sciences, which in- 
volved responding to the comments of anonymous reviewers se- 
lected by the editors. 

In addition, I note that our study, which focused on natural gas 
production, is part of a larger effort spearheaded by the Environ- 
mental Defense Eund to measure methane emissions throughout 
the natural gas supply chain. Results for the studies addressing 
other parts of the supply chain, which are being done by other in- 
vestigators, will be reported during the next 12 to 18 months. 

Einally, I note that the University of Texas at Austin is com- 
mitted to transparency and disclosure of all potential conflicts of 
interest of its researchers, and for details on our disclosures I call 
your attention to those disclosures that appear with our published 
manuscript. 

Thank you for the opportunity to describe our work. 

[The prepared statement of Mr. Allen follows:] 
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Prepared Remarks for the testimony of David Allen for the methane leakage hearing of the Environment 
and Public Works Oversight Subcommittee of the U.S. Senate 

November 5, 2013 

Thank you for inviting me to appear in this hearing of the Environment and Public Works Oversight 
Subcommittee on methane leakage. My name is David Allen and I am a Professor in the Cockrell School 
of Engineering and Director of the Center for Energy and Environmental Resources at the University of 
Texas at Austin. 

Since January of 20 12, 1 have been leading a research team, funded by Environmental Defense Fund and 
nine natural gas producers. The nine large and mid-sized companies that have participated in the study 
account for 16% of natural gas production and roughly half of new gas well completions in the United 
States. The research team making the measurements consists of personnel from UT Austin’s Cockrell 
School of Engineering and environmental testing firms URS and Aerodyne Research. The team has been 
making measurements of methane emissions from natural gas production sites throughout the United 
States, in locations ranging from Pennsylvania to the Gulf Coast and Rocky Mountains. In September of 
2013, our first results were published by the Proceedings of the National Academy of Sciences. In these 
prepared remarks, I will summarize the main findings of our work to date. 

The overall goal of the study was to measure methane emissions during natural gas production at a large 
number of recently developed sites, and to assess the national implications for methane emissions. The 
team performed the first-ever direct measurements of methane emissions from some of these sources. 

• Our study is based on measurements made directly at 190 production sites throughout the United 
States, with access provided by nine participating energy companies. 

• The collaboration of the energy companies and unprecedented access to their natural gas 
production facilities and equipment allowed our research team to acquire direct measurements of 
methane emissions from natural gas production operations where hydraulic fracturing is used. 

• During the yearlong study, the UT-led study team selected times and general locations for 
sampling activities, and companies provided access to sites. The sampling was designed to be 
representative of company operations in the Gulf Coast, Mid-Continent, Rocky Mountain and 
Appalachian regions. 

• We measured methane emissions from hydraulically fractured well completions, a process that 
clears sand and liquids from a fractured well. For two thirds of the completion flowbacks 
sampled during the study, reduced emission completion equipment was used to reduce methane 
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emissions. This equipment reduced emissions by 99 percent; for these wells, only 1% of the 
methane leaving the well during the completion flowback was emitted to the atmosphere. 
Because of this equipment, our estimates of national methane emissions from well completions 
are significantly lower than calendar year 201 1 national emission estimates, released by the 
Environmental Protection Agency (EPA) in April 2013. 

• We found that emissions from certain types of pneumatic devices, which control devices such as 
valves on well sites, are 30 percent to several times higher than calendar year 20 1 1 EPA 
estimates for this equipment; we estimate that, combined, emissions from pneumatics and 
equipment leaks account for about 40 percent of national emissions of methane from natural gas 
production. 

• We found that the total methane emissions from natural gas production, from all sources 
measured in the study, were comparable to the calendar year 20 1 1 EPA estimates. 

Having summarized the findings, 1 will briefly comment on the manner in which the work was reviewed. 
The nine natural gas producers and Environmental Defense fund provided technical reviews throughout 
the study. In addition, a Scientific Advisory Panel made up of six independent academic experts 
reviewed the study. The panel reviewed project plans before data collection and preliminary findings 
during data collection. Its members reviewed the draft final report and co-authored the published 
manuscript Prior to publication, the study also went through the peer review process of the Proceedings 
of the National Academy of Sciences, which involved responding to the comments of anonymous 
reviewers, selected by the editors. 

In addition. I note that our study, which focused on natural gas production, is part of a larger research 
effort spearheaded by Environmental Defense Fund to measure methane emissions throughout the natural 
gas supply chain. Results for the studies addressing other parts of the supply chain will be reported during 
the next 12-18 months. 

Finally, I note that the University of Texas at Austin is committed to transparency and disclosure of all 
potential conflicts of interest of its researchers. For more details, I call your attention to the disclosures 
that appear with our published manuscript. 


Thank you for the opportunity to describe our work. 
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Testimony by David Allen before the Committee on Environment and Public Works, 
November 5, 2013 


Responses to questions submitted on December 20, 2013 
by Chairman Boxer and Ranking Member Vitter 
December 24, 2013 


Questions from Senator Boxer: 

1. Your published study entitled “Measurements of methane emissions at natural gas production 
sites in the United States,” Proceedings of the National Academy of Sciences (October 29, 20013) 
(“UT Study”) acknowledges that the Environmental Defense Fund (EDF); Anadarko Petroleum 
Corporation; BG Group pic; Chevron; Encana Oil & Gas (USA) Inc.; Pioneer Natural Resources 
Company; SWEPI LP (Shell); Southwestern Energy; Talisman Energy USA; and XTO Energy, 
an ExxonMobil subsidiary provided “financial support, technical advice and access to sites for 
sampling.” Please disclose any financial support the study received from the nine natural gas 
companies involved. 

Response: We noted the financial support for our work in our published paper and in an announcement of 
the study, which was released in October of 2012. As we describe in our published paper, “The sponsors 
[of our study] were Environmental Defense Fund (EDF), Anadarko Petroleum Corporation, BG Group 
pic, Chevron, Encana Oil & Gas (USA) Inc., Pioneer Natural Resources Company, SWEPI LP (Shell), 
Southwestern Energy, Talisman Energy USA, and XTO Energy, an ExxonMobil subsidiary. Funding for 
EDF’s methane research series, including the University of Texas study, is provided for by Fiona and 
Stan Druckenmiller, Heising-Simons Foundation, Bill and Susan Obemdorf, Betsy and Sam Reeves, 
Robertson Foundation, Tom Steyer and Kat Taylor, and the Walton Family Foundation.” 

Total funding for the study was $2.35 million, provided in roughly equal amounts by each of the 10 
sponsors (9 companies plus Environmental Defense Fund). Nine of the sponsors provided equal amounts 
and the tenth (one of the companies) provided a small amount of supplemental funding due to additional 
logistical costs at one of their sampling sites. A second phase of the study is now underway, with funding 
of approximately $1.2 million. Nine of the original sponsors (EDF and eight of the original companies) 
and two additional sponsors (ConocoPhiliips and Statoi!) are currently supporting that work. Once again, 
funding is being provided in roughly equal amounts by all sponsors, in this case Environmental Defense 
Fund and the 10 company sponsors. 


2. Is it correct that all of the data on methane emissions used in this study came from well sites 
operated by the nine natural gas companies - Anadarko, BG Group, Chevron, Encana, Pioneer, 
Shell, Southwestern Energy, Talisman Energy and XTO Energy - that provided “financial 
support, technical advice, and access to sites for sampling?” 

Response: Yes, all of the sampling was done at sites operated by the companies that provided funding. 
The measurements that we report were made directly at the sources of the emissions. To make these 
measurements, the study team needed access to sites, and needed to safely install and operate 
measurement equipment that was often directly attached to production equipment. Participating 
companies provided access to production sites and equipment, and assisted in the design of safe sampling 
protocols, making these direct measurements of methane emissions possible. 
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3. Is it correct that all well sites visited and locations where the data were collected for use in the 
study came from a list of candidate sites provided by the following nine natural gas companies 
Anadarko, BG Group, Chevron, Encana, Pioneer, Shell, Southwestern Energy, Talisman Energy 
and XTO Energy? 

Response: Yes, all of the sampling was done at sites identified by the companies. The procedures the 
study team used in selecting the sites are described in detail in the Supporting Information published by 
the Proceedings of the National Academy of Sciences. We have also summarized the procedures used in 
selecting sites in a “question and answer” document available on the web site summarizing the study. 
f]ittp://deDt.ceer.iitexas.edu/methane/studv7index.cfm 1 That summary follows: 

“Methane emissions were measured directly at 190 natural gas production sites in the Gulf Coast, 
Midcontinent, Rocky Mountain and Appalachian production regions of the United States. The sites 
included 150 production sites with 489 wells. In addition to the 150 production sites, 27 well completion 
flowbacks, 9 well unloadings, and 4 well workovers were sampled; the sites were operated by 9 different 
companies. The types of sources that were targeted for measurement account for two thirds of methane 
emissions from all onshore and offshore natural gas production, as estimated in EPA’s national 
greenhouse gas emission inventory. Of the nine companies that provided sites for sampling, at least three 
companies provided sites in each of the regions. 

While the data presented in this work represents one of the most extensive datasets available on methane 
emissions from current natural gas production activities, the sites sampled still represent a small fraction 
of the total number of sites nationwide. Representative sampling was believed to be achieved by: 

• Selecting a large number of participant companies 

• Selecting a range of geographic areas to sample 

• Setting minimum number of sampling targets in each area 

The nine companies that participated in this study included mid-size and large companies. While there 
are thousands of oil and gas companies in the U.S., the participants do represent a sizable sample of 
overall U.S. production and well count. Participants account for almost 12% of all US gas wells, account 
for 16% of gross gas production, and almost half of the new well completions. Representativeness cannot 
be assured. The companies volunteered, and were not randomly selected. 

Randomization in the selection of sites was achieved in a variety of ways, depending on the type of 
source. For completions, the study team provided time windows when the measurement team would be 
available in certain regions and host companies identified completions that would begin as soon as 
possible after the study team arrived. In most cases this scheduling completely determined which sites 
would be sampled. To illustrate this, consider that the total number of well completions, nationwide in 
2011, for all the participating companies combined, averaged roughly 10 per day. That meant that in any 
given production region, on any particular day, just one or two new completions, for all of the companies 
combined, was likely to be starting. 

The time commitment associated with sampling completions was extensive. Completions lasted up to 
two weeks; sampling equipment set up and tear down by the study team required a day before and a day 
after the completion. Unloading, workover and production site sampling was much shorter in duration, 
typically a few hours to a half day. Consequently, sites selected for unloading, workover and production 
site sampling were selected based on proximity to completion sampling. Typically, a list of candidate 
sites was provided by the host company. If the list was too long to be entirely sampled in the allotted 
time, the study team selected sites based on an ability to sample as many sites as possible in the time 
available.. 
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One exception to this pattern was for Gulf Coast sites, where the study team, based in Austin, Texas, 
could make day trips to production sites. For these sites, the study team randomly selected from hundreds 
of potential sites provided by host companies. A second exception was for unloadings. These events 
were difficult to schedule since they were often done, by site operators, immediately as needed. This 
often did not allow the study team to travel to the site and set up equipment prior to the unloading 
occurring. Therefore, special efforts were made to Identify and sample unloadings that could be 
scheduled." 


4. The data used in the UT Study takes into account the upstream emissions from 489 gas wells and 
27 hydraulic fracturing well completion flowback events or approximately - .1% of the total 
number of all the gas wells in the U.S. The Environmental Defense Fund’s “FAQ About the 
University of Texas Methane Study” states, “While this study reflects only a portion of what is 
happening in the field in 2012, in absence of a statistically valid national survey, we are only able 
to use data we collected as the basis to assess the national implications of the results.” (emphasis 
added). Do you agree with EF that the data collected in the UT Study does not allow for a 
“statistically valid national survey” that can serve as an actual national average for the level of 
methane emissions released from the remaining 99.9% of the nation’s oil and gas wells? 

Response: While the data presented in this work represents one of the most extensive datasets available 
on methane emissions from current natural gas production activities, as noted in your question, the sites 
sampled still represent a small fraction of the total number of sites nationwide. Representativeness 
cannot be assured. The companies volunteered, and were not randomly selected. 

Nevertheless, the study team sought to make the data set as representative as possible by; 

• Selecting a large number of participant companies 

• Selecting a range of geographic areas to sample 

• Setting minimum number of sampling targets in each area 

The nine companies that participated in this study included mid-size and large companies. While there 
are thousands of oil and gas companies in the U.S., the participants do represent a sizable sample of 
overall U.S. production and well count. Participants account for almost 12% of all US gas wells, account 
for 16% of gross gas production, and almost half of the new well completions. 


5. The UT Study found that 33% of the surveyed well completions at sites that were selected by the 
nine natural gas companies did not use reduced emission completions (REC) to control well flow 
back emissions. The Environmental Defense Fund’s “FAQ About the University of Texas 
Methane Study” states that these non-REC wells “had low initial gas production compared to the 
controlled wells” and that “the wells with uncontrolled releases had much lower than average 
potential to emit.” Given the industry selection of the sites and the lower emitting potential of 
these uncontrolled, non-REC wells, does the collected data allow for any type of rigorous 
conclusions about the current national level of REC utilization or the methane emission rates 
from uncontrolled well sites that were not surveyed as part of the study? 

Response: The 27 well completion flowbacks samples in our study are the first direct measurements of 
emissions from completion flowbacks reported in the scientific literature; however, as noted in the 
response to the previous question, they represent a small fraction of the total number of well completions 
performed annually. While, as noted in our answer to the previous question, the study team sought to 
make the data as representative as possible, representativeness cannot be assured. 
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6. Several other peer reviewed studies have analyzed the methane emission rates associated with oil 
and gas drilling and found the emission rates to be significantly higher than emission rates 
derived from data collected in the UT Study. Does the UT Study invalidate the findings of the 
following two peer reviewed studies? If your answer is in the affirmative, please provide the 
published peer review literature other than the UT Study that supports such a conclusion. 

• Anna Karion, et al (20 1 3) “Methane emissions estimate from airborne measurements 
over a western United States natural gas field,” Geophysical Research Letters Volume 40, 
Issue 16, pages 4393-4397. 

• J. Peischl, et al, (2013) “Quantifying sources of methane using light alkanes in the Los 
Angeles basin, California,” Journal of Geophysical Research: Atmospheres, Volume 118, 
issue 10, pages 4974-4990. 

Response: Our work does not invalidate the findings of the studies cited in the question. The studies cited 
in the question make an important contribution by using measurements of ambient methane 
concentrations to estimate total methane emissions to the atmosphere in the regions in which the 
measurements were made. The studies conclude that methane emissions are underestimated in current 
emission inventories, and the studies attribute this under-estimate, at least in part, to emissions from the 
natural gas supply chain. 

The natural gas supply chain includes a variety of activities, including production, gathering, processing, 
transmission, distribution and use. Within the natural gas supply chain, some emission sources may be 
more important than others. 

Our study looked at a subset of sources in natural gas production, which is in turn a subset of the natural 
gas supply chain. We found emissions from some sources (pneumatic controllers) were larger than 
anticipated from emission inventories and others (completion flowbacks), consistent with new 
regulations, w’ere lower due to the presence of emission control equipment. 

Both regional measurements and analyses, as reported in the studies cited in the question, and source 
specific studies, are needed to identify opportunities for emission reductions. 


7. ERA’S New Source Performance Standards for Oil and Gas Production do not currently contain 
requirements to control the emissions from many types of emissions control equipment used at oil 
and gas wells. Would the establishment of standards for pneumatic devices at wells, pressure 
relief valves at storage tanks, and compressors and pressurized motors used to move natural gas 
through processing plants and pipelines reduce VOC, methane and other emissions? 

Response: Our study found that emissions from pneumatic controllers are larger than currently estimated. 
A similar conclusion was arrived at based on measurements made in British Columbia, released In 
December, 2013 r http://www.env.gov.bc.ca/cas/m}tigation/ggrcta/'rcportinu:-regulation/Dneumatics.htm} ) 
When we estimated the national implications of our measurements of pneumatic controller emissions, we 
concluded that these emissions are one of the largest sources of methane emissions in the natural gas 
production sector. Whether the establishment of emissions standards for these devices would lower 
emissions would depend on the standard. 
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8. EPA’s New Source Performance Standards for Oil and Gas Production do not contain 

requirements to control the completion and production emissions from wells that co-produce oil 
and natural gas. Do such co-produced wells release VOCs, methane and other emissions that can 
be controlled through reduced emission completions and other readily available technologies? 

Response: Many of the sites at which we made measurements in our study produced both gas and 
hydrocarbon liquids. In our measurements of emissions from well completion flowbacks, for example, 
we found that reduced emissions completion equipment was effective at reducing emissions at sites that 
produced gas and sites that produced both gas and hydrocarbon liquids. 


Questions from Senator Vitter 

1. Dr. Allen did you or any of your research team have any trouble working with energy companies 
participating in the study? Did you or any of your research team have any problem gaining 
access to equipment or production facilities or anything else that would have hindered your work? 

Response: The participating companies did not hinder our work. The companies were essential for the 
successful completion of the work. The participating companies provided access to sites and equipment, 
assisted in performing safety reviews of the sampling protocols, and provided technical insights and 
suggestions throughout the study. The participating companies have also all provided written assurances 
that they provided unrestricted access to their all of their sites to the study team. 


2. In both the released study as well as in your testimony you mention that a majority of completion 
flowbacks sampled during the study, reduced emissions completions were being used and as a 
result, emissions were reduced by 99%. Is it safe to say that when EPA’s rules are fully 
implemented next year and reduced emissions completions are even more widespread, the result 
will be an even more dramatic reduction in emissions from natural gas producers? 

Response: As noted in the question, our measurements indicate that reduced emission completion (REC) 
equipment reduces methane emissions by 99%, as compared to uncontrolled venting of flowback fluids. 
We observed no instances in which the REC technology did not reduce emissions. Therefore, it is 
reasonable to conclude that if all completion flowbacks operate REC equipment, emissions will be 
reduced. 


3. Why do you and your research team plan to continue studying pneumatic devices even though the 
study seems to make conclusions about their emissions? 

Response: Our study, as well as a recently released study based on measurements made in Alberta and 
British Columbia, (httc)://www.env.gov.bc.ca/cas/mitigation/ggrctayfreporting-regulation/pneumatics.htm} ) 
conclude that pneumatic controller emissions are higher than would be expected based on current 
emission estimation methods. Both studies also find that a relatively small fraction of the controllers have 
much higher emissions than the remainder of the controllers. This may be due to some controllers 
opening and closing valves more frequently than others, improper operation, or other factors. The 
sampling that our study team is doing now is aimed at understanding why some controllers emit more 
than others. 
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Senator Whitehouse. Thank you very much, Dr. Allen. I appre- 
ciate it. 

I am very pleased to welcome Mark Boling here. He has served 
as president of V + Development Solutions, which is a division of 
Southwestern Energy Company since that division’s creation in 
April 2012. Previously, he has heen senior vice president, general 
counsel, and secretary of the board of directors to Southwestern 
and an executive vice president of Southwestern. 

The mission of V + Development is to identify and develop solu- 
tions for achieving balance among the economic, environmental, 
and social effects of Southwestern’s activities, focusing in particular 
on the role of advancing the development of domestic natural gas 
supplies in achieving a low carbon energy future. He initiated and 
continues to lead Southwestern’s efforts to collaborate with the En- 
vironmental Defense Fund and other environmental NGOs to de- 
velop a model regulatory framework for hydraulic fracturing oper- 
ations. 

Thank you, Mr. Boling, for being here. Please proceed. 

STATEMENT OF MARK K. BOLING, PRESIDENT, V+ DEVELOP- 
MENT SOLUTIONS, AND GENERAL COUNSEL, SOUTH- 
WESTERN ENERGY COMPANY 

Mr. Boling. Good afternoon. Chairman Whitehouse, Ranking 
Member Inhofe, and Senator Vitter. My name is Mark Boling and 
I am General Counsel and President of V + Development Solutions, 
a division of Southwestern Energy Company. Southwestern Energy 
Company is an independent exploration and production company 
and is the fifth largest producer of natural gas in the United 
States. I appreciate the opportunity to appear before you today and 
provide testimony regarding methane emissions from the Produc- 
tion Sector of Natural Gas Systems. 

At Southwestern, we believe the development of America’s nat- 
ural gas resources is an important part of achieving a secure, low- 
carbon energy future for our country, but only if it is done right. 
The good news is that the solutions to doing it right are out there 
and if industry, environmental groups and regulators work to- 
gether in a collaborative way, these solutions can be found and im- 
plemented. 

One of the primary roles of our Development Solutions division 
is to engage the communities impacted by our operations, as well 
as other stakeholders, to assist us in maximizing the benefits while 
minimizing the negative impacts of our activities. We believe that 
by engaging in these problem-solving dialogs, it is possible to de- 
velop “smart regulations” for our industry. When I refer to “smart 
regulations,” I am talking about rules that level the playing field 
for all companies and effectively manage risk by achieving the 
proper balance among the economic, environmental and social im- 
pacts of the regulated activities. 

Southwestern believes that a good example of how collaboration 
between industry and regulators can lead to smart regulations is 
EPA’s Natural Gas STAR Pro^am. The Natural Gas STAR Pro- 
gram is a voluntary partnership that encourages oil and natural 
gas companies to adopt cost-effective technologies and practices 
that improve operational efficiency and reduce methane emissions. 
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Southwestern joined the Natural Gas STAR Program in 2005. 
Since our initial report in 2006, Southwestern has reported cumu- 
lative methane reductions of over 37 billion cubic feet of gas, pri- 
marily due to our use of Reduced Emission Completions, also 
known as Green Completions. Additionally, due to the hard work 
and innovation of our employees. Southwestern was able to drive 
down the incremental cost of conducting Reduced Emission Com- 
pletions in our Fayetteville Shale project from approximately 
$20,000 per well to $0 per well, while at the same time capturing 
a significant amount of natural gas that would have otherwise been 
vented or flared. 

The years of collaboration and innovation supported by the Nat- 
ural Gas STAR Program provided key technological and oper- 
ational practice information to support the recently enacted New 
Source Performance Standards, Quad O regulations. Southwestern 
believes the Quad O regulations are smart regulations as they ef- 
fectively manage volatile organic compound, VOC, emissions from 
the production sector, and indirectly methane emissions, by requir- 
ing proven, cost-effective emission reduction technologies and prac- 
tices. In fact, much of the equipment, controls and practices re- 
quired by Quad O have already been implemented by Southwestern 
and many other companies that participate in the Natural Gas 
STAR Program. 

Finally, I would like to say a few words about another important 
collaborative effort, the recently released upstream methane emis- 
sions study conducted by a team of researchers from the University 
of Texas and testing firms URS and Aerodyne Research. Since Dr. 
Allen has already provided details of the measurement data gath- 
ered from the study, I will limit my comments to the following key 
findings: 

First, total estimated methane emissions from natural gas pro- 
duction were found to be comparable to the most recent EPA esti- 
mates. 

Second, measured methane emissions from hydraulically frac- 
tured well completions were found to be significantly lower than 
the estimates used by EPA in the national emissions inventory. 

And third, measured methane emissions from equipment leaks 
and certain types of pneumatic controllers were found to be higher 
than current EPA estimates. 

This study shows that methane emissions from the natural gas 
production sector can be effectively minimized by applying reason- 
able emission capture and control practices. It also shows, however, 
that additional opportunities exist to reduce methane emissions 
from this sector. 

Southwestern intends to actively pursue these opportunities by 
taking the following steps: implement an internal initiative to re- 
duce methane emissions associated with our operations, including 
a leak detection and repair program; participate in additional stud- 
ies to gather data on pneumatic controllers and liquids unloading 
events to increase the data set and improve knowledge; participate 
in a research and development project to identify or develop cost- 
effective methane emission monitoring devices; and work with 
other energy industry partners to develop a methane leadership 
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initiative, with a primary goal of reducing methane emissions from 
the entire natural gas value chain. 

Mr. Chairman, this concludes my testimony. I would be happy to 
answer any questions you may have. 

[The prepared statement of Mr. Boling follows:] 
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Good afternoon Chairman Whitehouse, Ranking Member Inhofe and other members of 
the Subcommittee, My name is Mark Boling and I am General Counsel and President of the V+ 
Development Solutions division of Southwestern Energy Company. Southwestern Energy 
Company is an independent exploration and production company, and is the fifth (5“’) largest 
producer of natural gas in the United States. 1 appreciate the opportunity to appear before you 
today and provide testimony regarding methane emissions from the Production Sector of Natural 
Gas Systems. 

At Southwestern, we believe the development of America’s natural gas resources is an 
important part of achieving a secure, low-carbon energy future for our country, but only if it is 
done right. The good news is that the solutions to “doing it right” are out there and if industry, 
environmental groups and regulators work together in a collaborative way, these solutions can be 
found and implemented. 

One of the primary roles of our V+ Development Solutions division is to engage the 
communities impacted by our operations, as well as other stakeholders, to assist us in 
maximizing the benefits while minimizing the negative impacts of our activities. We believe 
that by engaging in these “problem solving” dialogues, it is possible to develop “smart 
regulations” for our industry. When 1 refer to “smart regulations”, I am talking about rules that 
level the playing field for all companies and effectively manage risk by achieving the proper 
balance among the economic, environmental and social impacts of the regulated activities. 

Southwestern believes that a good example of how collaboration between industry and 
regulators can lead to smart regulations is EPA’s Natural Gas Star Program. The Natural Gas 
Star Program is a voluntary partnership that encourages oil and natural gas companies to adopt 
cost-effective technologies and practices that improve operational efficiency and reduce methane 
emissions. 

Southwestern joined the Natural Gas Star Program in 2005. Since our initial report in 
2006, Southwestern has reported cumulative methane reductions of over 37 Bcf (Billion Cubic 
Feet), primarily due to our use of Reduced Emission Completions (also known as “Green 
Completions”), Additionally, due to the hard work and innovation of our employees, 
Southwestern was able to drive down the incremental cost of conducting Reduced Emission 
Completions in our Fayetteville Shale project from approximately $20.000 per well to $0 per 
well, while at the same time capturing a significant amount of natural gas that would have 
otherwise been vented or flared. 

The years of collaboration and innovation supported by the Natural Gas Star Program 
provided key technological and operational practice information to support the recently enacted 
NSPS, “Quad O” regulations. Southwestern believes that the “Quad O” regulations are “smart 
regulations” as they effectively manage VOC (Volatile Organic Compound) emissions (and 
indirectly methane emissions) from the production sector by requiring proven, cost-effective 
technologies and practices to reduce VOC emissions. In fact, much of the equipment, controls 
and practices required by "Quad O” have already been implemented by Southwestern and many 
other companies that participate in the Natural Gas Star Program. 
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Finally, I would like to say a few words about another important collaborative effort, the 
recently released upstream methane emissions study conducted by a team of researchers from the 
University of Texas and testing firms URS and Aerodyne Research. Since Dr. Allen is providing 
the Subcommittee with the details of the measurement data gathered from the study, I will limit 
my comments to the following key findings: 

• Total estimated methane emissions from natural gas production were found to be 
comparable to the most recent EPA estimates; 

• Measured methane emissions from hydraulically fractured well completions were found 
to be significantly lower than the estimates used by the EPA in the national emissions 
inventory; and 

• Measured methane emissions from equipment leaks and certain types of pneumatic 
controllers were found to be higher than current EPA estimates. 

This study shows that the amount of methane emissions from the natural gas production 
sector can be effectively minimized by applying reasonable emission capture and control 
practices, ft also shows, however, that additional opportunities exist to reduce methane 
emissions from this sector. Southwestern intends to actively pursue these opportunities by taking 
the following steps: 

• Implement an internal initiative to reduce methane emissions associated with our 
operations, including a leak detection and repair program; 

• Participate in additional studies to gather data on pneumatic controllers and liquids 
unloading events to increase the data set and improve knowledge; 

• Participate in a research and development project to identify or develop cost effective 
methane emission monitoring devices; and 

• Work with other energy industry partners to develop a methane leadership initiative, with 
a primary goal of reducing methane emissions from the entire natural gas value chain. 

Mr. Chairman, this concludes my testimony. I would be happy to answer any questions 
you may have. 
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January 13, 2014 


Senate Committee on Environment 
anti Pubilc Works 

410 Diiksen Senate Office Building 
Washington, DC 20510 

Attention: Mara Stark-Alcaia 

Re: Fugitive Methane Emissions from Oil Sl Gas Operations 

Dear Senators Boxer and Vitter: 

Set forth below arc iny answers to the foliow-up questions posed in your December 20, 2013 
letter concerning fugitive methane etnissions from oil and gas operations. 


Questions from Senator Boxer 

Question 1 ; EPA’s New Source Performance Standards for Oil and Gas Production do not 
currently contain requirements to control the emissions from many types of emissions control equipment 
used at oil and gas wells. Would the establishment of standards for pjieumatic devices at wells, pressure 
relief valves at storage tanks, and the compressors and pressurized motors used to move natural gas 
through processing plants and pipelines reduce VOC, methane and other emissions? 

Answer ; Yc.s. The Environmental Pioteclioii Agcjicy’s (EPAks) recent enactment of 
Standards of Performance for Crude Oil and Naliiral Gas Production, Transmission and 
Distribution at 40 C.F.R. Part 60, Snbpnrf 0000 (“NSPS 0000”) should result in significant 
reductions in emissions of volatile organic compounds (VOC’s) and, Indirectly, methane emissions 
from the oil and gas ])roduct!on sector. The NSPS 0000 i cgidations currently regulate emissions 
from (!) continuous bleed natural gas'drivcn pneumatic controllers at well locations with a bleed 
rate greater than 6 standard cubic feet per hour (scfli), (ii) continuous bleed natural gas-driven 
pnciimattc controllers at natural gas processing plants (regardless of bleed rate), (iii) storage tanks 
that have the potential to emit VOC’s ccpial to or greater than 6 tons per year (tpy), (iv) 
centrifugal compressors (with wet seals) and reciprocating compressors at gafhering/boosting 
stations and gas processing plants, and (v) equipment leaks at natural gas processing plants. 
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There are additional pieces of cquipnicnt utili/ed at well locations and compressor facilities 
that are not covered by the NSPS 0000 rcgtilatioiis and have the potential for fugitive emissions 
from leaking components. An example of the type of components that are most likely to leak arc 
tiiicf hatches and pressure relief vah'es on storage tanks, and valves, flanges, connectors and open- 
ended lines that contain or contact a process stream witli hydrocarbons. 

A potentially cost-effective method for reducing emissions from these types of coni[) 0 ]icnts 
is to implement a leak detection and repair program (LDAR program) at well locations and 
compressor facilities. The purpose of the LDAR program is to identify fugitive emissions and 
timely repair the leaking components through the periodic inspection of the equipment located at 
the well location and compressor facilities. In its recently proposed revisions to Colorado Air 
Quality Control Commission Regulation Number 7, the State of Colorado is proposing that 
operators of well production facilities, storage tanks and compressor stations implement an 1>1)AR 
program to minimize fugitive emissions from leaking components. 

Question 2 : EPA’s New Source Performance Standards for Oil and Gas Production do not 
contain requirements to control the completion and production emissions from wells that co-produce oil 
and natural gas. Do such co-])ioduced wells release VOCs, methane and other emissions tluit can be 
controlled through reduced emission completions and other readily available technologies? 

Answer ; Yes. Wells that co-produce oil and natural gas release VOC’s, methane and other 
eniLssions that could be controlled through reduced emission completions (KECs) and other 
readily available technologies. However, much like the “cost-benefit analysis” that is utilized to 
assess the viabilit>' of installing vapor rccovci 7 units on crude oil storage tanlcs, one would need to 
consider both the productive capacity of the co-produced well and the gas-oil ratio of the oil 
produced from the co-produced well to determine what threshold prodnctioit characteristics 
would be required to make an REC on a co-produced well cost effective. 


Questions from Senator Vitter 


Question 1 : Mr. Boling, does Southwesicrn Energy believe EPA used the Natural Gas Star data 
appjopriateiy when they revised their completions emission factor? Was any of this Information 
misused? 

Answer : For tlie I’easons set forth below, Southwestern Energy' docs not believe EPA 
“misused” the inforiiiatioii from tlic Natural Gas Star program when they revised their 
completions emission factor. 

In assessing EPA’s use of the Natural Gas Star data in estimating emissions from 
hydraulically fractured well completions, it is important to distinguish between “potential 
emissions” and “net cinissioii.s.” The term “potential emissions” refers to the amount of methane 
that would be emitted if all of the methane leaving the wellhead during the flowback was vented to 
the atmosphere. The “net cmissious” from the well completion event arc equal to the potential 
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emissions less (i) methane captured or controlled due to regulatory requircniciits and (ii) 
voluntary emission reductions. 

Esthnating notential emissions from hydraulically fractured well coiiiplctloiis is difficult 
because the production characteristics and flowback period for each well can varj' significantly. 
These variations can be due to the tj'pe of resen’oir being completed (i.c. some rcsen'oirs are not 
negatively impacted by partial flowback and can have shorter flowback periods) and the type of 
completion being deployed (i.c. reduced emission completion or ventiiig/flariiig). For example, in 
the recently completed methane eiiiis.sion study conducted by the IJiiivei*sity of Texas and testing 
firms UR.S and Aerodyne Research, the flowback periods for the well cmnpletions measured 
ranged between 5 hours and 14 days. For Southwestern Ener^'’s hydraulically fractured well 
completions in the Fayetteville Shale, the flowback periods have ranged behvecn 30 horn’s and 14.8 
days. 


EPA used data provided by iiuiustiy under the Natiii’al Gas Star program to estimate 
potential emissions from bydraulieally fractured well completions. Based on the data provided, 
EPA assumed a flowback period of between 3 and 10 days, and estimated an average emission rate 
of 9,175 mef (thousand cubic feet) per completion event. For comparison purposes only (since 
potential emission nuinbci's vaiy considerably from basin to basin), Southwestern Energ}’ 
calculated the average potential eintssiotis from its hydraiilicnlly fractured well completions in the 
Fayetteville Shale to be approximately 16,000 mef per com))letion event when REC technology was 
originally evaluated. 

To estimate net emissions from liydraitlically fractured well completions, one must 
determine the average amount of methane captured or controlled during the completion due to 
rcgulntoiy requii'cmcnts and/or voliiiitaiy reductions and subtract this amount from the potential 
einissioiis for the well completion. For the most paii, this means identifying the percentage of 
hydraulically fractured well completions that utilize REC technology (the “REC Percentage”). 
Until recently, m'cII operators were not required to report to EPA whether or not REC technology 
was litili/cd in their liydraulically fractured well completions. Therefore, EPA had to calculate 
the REC Percentage from the best data available, and estimated that approximately 15% of all 
hydraulically fractured well completions utilize REC technology. In comments filed hy America’s 
Natural Gas Alliance (ANGA) to the proposed NSPS 0000 regulations, ANGA stated that, based 
on a survey of its iiiember companies, it estimated that ns much as 93% of liydraulically fractured 
M’ell completions use REC teehiiolog>'.’ Other coimiicufs filed by the American Petroleum 
fiistitHte (API) indicated that, based on API’s estimate of available REC equipment, 
approximately 20% of all hydraulically fractured well completions utilize REC tccliuologj'.^ 
However, based on the recently released 2012 greenhouse gas data for Petroleum and Natural Gas 
Systems collected under EPA’s Greenhouse Gas Reporting Program, iudusti’>’ reported that out of 
a total of 9,466 hydraulically fractured gas well completions, REC tcchnolog}’ was utilized in 5,059 
(i.c. industry reported an REC Percentage of 53%). 


’ ANGA coinmeias to EPA on Docket ID No. EPA-HQ-OAIl-2010’0505. 
^ API comments to EPA on Docket ID No. EPA'HQ-OAR-20 1 0-0505. 
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As one can sec from both the broad range of estimates for the REC Percentage (EPA - 
15%; API - 20%; ANGA - 93%), and the first reported REC Percentage under the Greenhouse 
Gas Reporting Program (53%), the EPA\s low estiiiiate for the REC Percentage can be attributed 
to the inherent difficult}' in making such an estimate and not to any ^^inisusc” of data. 

Question 2 : In your testimony you mentioned that in your V+ development solutions division 
you work (o engage in communities around your operations in an effort to develop “smart regulations.” 
Given the dilTerent geologies and circumstances industry faces across the country, aren’t many of these 
“smart regulations” better developed at tlic state level closer to the communities you are attempting to 
work with? 

Answer ; A.s stated in ni}' written testimony, when I refer to “smart regulations,” I am 
talking about rules that effectively manage risk by achieving the p]* 0 ])cr balance among the 
economic, environmental and social impacts of the regulated activities. To effectively manage risk 
in the regulatory context, the regulating autliorit}' must fir.st identify ail of the risks associated 
with the regulated activit}'. Once these risics arc identified, the regulating entity must then 
accurately assess both the probabilit}’ of the risk occurring and the potential impact of the risk if it 
docs occur. To determine what level of goveriimcnt (federal, state or local) is best suited to make 
these assessments, one must analyze a niinibcr of factors, including (i) docs the regulating 
authority require any special knowledge or expertise concerning regional or local coiulitions in 
order to effectively regulate the activity, (ii) arc the potential impacts of the regulated activity 
local, regional or multi-state, (iii) are the risks associated with the regulated activity the same from 
state-to-statc, and (iv) are the proposed solutions for effectively managing these risks the same 
from statc-to-statc. 

This analysis is necessarily “risk specific”, and the answer as to what level of government is 
in the best position to effectively manage the risk will vaiy. For example, applying these factors to 
the regulation of subsurface risks associated with drilling, completing and producing 
hydraulically fractured wells, one coiicludc.s that due to the vastly different geological, 
hydrological, topographical and other conditions encountered within each hydrocarbon basin 
across the country, the states are in the best position to regulate these activities. However, if you 
apply these same factors to the regulation of air emissions associated with the drilling, completion 
and production of a hydraulically fractured well, one can conclude that while the solutions to 
many of the “air emission risks” are the same from statc-to-statc, the potential for regional 
differences in both air qiialit}' (i.e. attainment vs. iioiiattalnnieiit status) and available mitigation 
strategics, makes the ciin ent framework of “cooperative federalism,” as set out in the Clean Air 
Act, the best way to regulate air ciTiissions. 

Question 3 ; You stated that Southwestern was able to drive down the cost of green completions 
in your F-aycttevilie Shale project from $20,000 per well to $0. Do those economics include all the gas 
captured with your green completion equipment or just the gas that would otherwise be emitted if green 
completions weren’t performed? 
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Answer : Initially, the iiicreineiital capital cost of conducting a reduced cniissioii 

completion (REC) in onr Fayetteville Shale project was approximately S20,000 per U'cll. This cost 
was based on utilizing nitrogen lift and certain rental equipment (c.g. separator, choke manifold, 
sand trap and debris catcher) to perform the REC. Southwestern has been able to drive down this 
increuiciital cost to SO per well by switching from nitrogen lift to gas lift and by redesigning the 
production separator to Imndle larger gas/Hnid volumes. In addition, due to the level of activity in 
onr Fayetteville Shale project, Southwestern has been able to purchase most of the REC 
cqiiipiiicnt wc need at an o^'erall cost that is less than the cost of renting REC equipment and then 
later installing permanent production equipment. 

Our ability to get the iiicreiiicntal cost of performing REC’s down to SO per well has 
nothing to do with the revenues we generate from selling the iintiiral gas that uould have been 
vented or flared without the REC. As described above, when REC tcclinologj’ was originally 
evaluated by Southwestern, we estimated (hat the a>'eragc potential emissions (i.c. without 
utilizing REC) from a hydraulically fractui ed well completion in the Fayetteville Shale was 16,000 
Mcf (thousand cubic feet) per well. At a natural gas price of S4.00 per Mcf, Southwestern would 
receive additional gross rc^'enues of S64, 000.00 from the captured euiissions. 

Questions 4 : In your testimony you also mention that Southwestern intends to ‘'participate in 
additional studies,” “gather data”, and participate in “research and development." Would you agree that 
further melliane regulations are not currently necessary nor justified given that EPA’s NSPS has yet to 
be fully iinpicmciited and additional study and research is ongoing? 

Answer ; 1 believe the NSPS 0000 regulations are “smart regulations” and should be fully 
iinplemcntc<I. 'I'he que.stiou whether “further methane regulations” are nccc.ssary or justified 
prior to the impIcmentHfion of the NSPS 0000 regulations is a difficult one to answer. An 
ai'guincnt can be made that industry should be allowed to “absorb” the new NSPS 0000 
regulations and let regulators gauge their impact on VOC emissions (and indii'ectly, methane 
emissions) before new regulations are imposed. One could also argue that combining the new 
NSPS 0000 regulations with appropriate incentives for iiulustiy to voluntarily reduce emissions 
even further could re.sult in more rapid emission reductions than trying to move additional 
regulations through the regulatory process. 

However, as evidenced by the State of Colorado's recently proposed revisions to Colorado 
Air Qualih' Control Coniiiiissioii Regulation Number 7, there are members of flic regulatoiy 
community, the ciivironnicntal community and iiidustiy that believe the NSPS 0000 regulations 
can and should be mo<lir!ed or supplemented in a way that w ill “significantly mluce emissions of 
VOC’s and other hydrocarbons from oil and natural gas development”.’* vSince the NSPS 0000 
regulations will not be fully iinplenierited until 2015, and the impaet on emissions will not be 
known until 2016-2017 (at the earliest), now may be the right time to assess whether the NSPS 


■’ Prehearing Staiemcnl of Noble Energy, Inc. and Anadarko Petroleum Coiporation dated January 6, 2014, before the Air 
Quality Control Commission, State of Colorado, In the Matter of Proposed Revisions to Regulation Number 3, Pads A, B 
and C, Regulation Number 6, Part A and Regulation Number 7. 
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0000 rcgulalioHs cffeclivciy uinnage the risks associated with VOC cniissioiis tVom the oil and gas 
production sector. 

It was niy pleasure to provide testimony to the Senate Committee on Environment and Public 
Works on the very important issue of fugitive methane emissions from oil and gas operations. Please 
feel free to contact me if you have any further questions. 


MKB:pt 


Very truly yours, 




Mark K. Boling 
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Senator Whitehouse. Thank you, Mr. Boling, I appreciate it. 

Our next witness is Dr. Vignesh Gowrishankar, who is a staff 
scientist in sustainable energy at the Natural Resources Defense 
Council. His work focuses on Federal and State policies, programs, 
and mechanisms to clean up natural gas production, help deploy 
cleaner resources across the electric grid, and promote greater in- 
dustrial energy efficiency. 

Prior to joining NRDC, Dr. Gowrishankar served as a senior pol- 
icy advisor on climate change adaptation and mitigation issues to 
the premier of the Australian state of Victoria and served as a 
management consultant with McKinsey & Company in a variety of 
industries. He earned his Ph.D. from Stanford University and his 
undergraduate degree at the Indian Institute of Technology Madras 
in Tamil Nadu, India. We are delighted to have him here. 

Please proceed. Dr. Gowrishankar. 

STATEMENT OF VIGNESH GOWRISHANKAR, Ph.D., STAFF SCI- 
ENTIST, SUSTAINABLE ENERGY, NATURAL RESOURCES DE- 
FENSE COUNCIL 

Mr. Gowrishankar. Thank you. Chairman Whitehouse, Ranking 
Member Inhofe, and Senator Vitter. Thank you for the opportunity 
to testify here today. My message today is simple: The Federal 
Government needs to do more to limit the release of methane and 
other pollutants from the production and distribution of natural 
gas. Absent such steps, the increased use of natural gas will aggra- 
vate smog, expose the public to more carcinogenic chemicals, and 
worsen climate change. 

The good news is that the technologies to reduce the release of 
these pollutants exist today and the oil and gas industry can actu- 
ally make more money using them. Failure to employ these health 
and environment protecting technologies is a classic market failure. 

The leakage and sometimes intentional venting of gas occurs 
across the supply chain, from the production to transport. This re- 
leases harmful and toxic pollutants and methane, a highly potent 
greenhouse gas that accelerates and magnifies climate change. This 
is the right time to be discussing the topic of methane leakage, 1 
year after Hurricane Sandy and close on the heels of the Presi- 
dent’s Climate Action Plan. 

According to the latest EPA data, methane leakage equals about 
1.5 percent of all natural gas produced each year, and recent peer 
review literature has reported leakage as high as 7 percent, or even 
more, in certain locations. To put that in perspective, at just 3 per- 
cent leakage, natural gas is no better than coal in terms of its con- 
tribution to near-term climate change. Continuing research on the 
precise level of leakage should not obscure the fundamental and in- 
controvertible point that natural gas is leaking into the atmos- 
phere, wasting fuel, polluting the air, and damaging our climate; 
when, instead, that fuel could economically be put to use. 

The technologies to control emissions are not hard to understand 
at a basic level. They include such common sense steps as cap- 
turing the big release of gas that occurs when a well is tracked, 
using better seals for compressors and making sure they are prop- 
erly maintained and functioning, ensuring that wells that control 
gas don’t actually leak the gas, putting a sealed lid on storage 
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tanks so that gas does not escape, and using detectors to identify 
when and where equipment is leaking. And there are many others. 
This equipment has been tried and tested, and is being manufac- 
tured and sold. A number of leading companies are using them in 
some of their operations and Dr. Allen’s study further proves that 
they can be very effective. 

These technologies enable industry to capture and therefore sell 
the gas that is now leaking into the atmosphere. As a result, these 
technologies pay for themselves in short time, typically in just a 
few months to about 2 to 3 years. NRDC has identified 10 such 
technologies that are especially cost-effective. Employing these 10 
technologies could potentially reduce 60 to 80 percent of methane 
leakage, and possibly even more. Yet, using these proven, cost-ef- 
fective technologies is not yet industry standard practice. This is a 
classic market failure. Industry is leaving money on the table and 
the public is paying the price for suffering the health and environ- 
mental harms of leakage. 

The EPA recently established standards that begin to cut this 
wasteful leakage, but these standards are too weak and will cut 
less than one-sixth of total emissions in the near term. EPA has 
the authority and obligation under current law to do more. EPA 
should be setting stronger standards that target methane directly 
and require emission controls for new and existing equipment al- 
ready in the field; all types of wells, including oil wells that co- 
produce gas, such as those in North Dakota; all significant emis- 
sion sources across the entire oil and gas supply chain. Such addi- 
tional standards could actually benefit the entire economy and help 
royalty owners, U.S. equipment manufacturers and service pro- 
viders, and well trained technicians, operators, and pipe fitters. 

Ultimately, the solution to climate change is moving away from 
fossil fuels entirely and relying on energy efficiency, renewables, 
and zero emission energy sources. Deploying these should be the 
primary goal of U.S. energy policy. But until then we need to en- 
sure that the fossil fuels we do use have the lowest environmental 
footprint possible, and reducing leakage and venting of methane is 
one of the easiest things we can take in this regard. There is abso- 
lutely no excuse to delay action. 

Thank you again. I would be happy to take any questions. 

[The prepared statement of Mr. Gowrishankar follows:] 
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STAFF SCIENTIST, NATURAL RESOURCES DEFENSE COUNCIL 
HEARING ON 

■FUGITIVE METHANE EMISSIONS FROM OIL AND GAS OPERATIONS” 
BEFORE THE COMMITTEE ON ENVIRONMENT & PUBLIC WORKS 
SUBCOMMITTEE ON OVERSIGHT 
U.S. SENATE 
NOVEMBERS, 2013 


Thank you, Mr. Chairman for the opportunity to testify today. My name is 
Vignesh Gowrishankar and I am a Staff Scientist at the Natural Resources Defense 
Council (NRDC). My work focuses on sustainable energy issues including 
examining technologies and practices for reducing pollution from oil and gas 
production, helping to deploy cleaner resources on the electric grid, and promoting 
greater industrial energy efficiency. 

NRDC is a nonprofit organization with more than 350 scientists, lawyers 
and environmental specialists dedicated to protecting the environment and public 
health in the United States and internationally, with offices in New York, 
Washington D.C., Montana, Los Angeles, San Francisco, Chicago, and Beijing. 
Founded in 1970, NRDC uses law, science and the support of 1.3 million members 
and online activists to protect the planet's wildlife and natural environment, and to 
ensure a safe, healthy environment for all living things. NRDC’s top institutional 
priority is curbing global warming and building the clean energy future. 
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I. INTRODUCTION 

We all know that a boom in oil and gas production, using a technique called 
hydraulic fracturing (or fracking) is changing our nation’s energy profile. We must 
minimize the environmental and public health impacts of this form of fossil fuel 
production, protect communities that may be affected by it and make sure that the 
domestic oil and gas boom does not distract us from or prevent investment in 
crucial clean energy strategies, which represent the best path forward. To solve the 
climate crisis we need to boost energy efficiency and transition to renewable, zero- 
emission sources of energy as quickly as possible. President Obama’s Climate 
Action Plan' reaffirms the Administration’s commitment to reducing emissions, by 
achieving 17 percent emissions reductions (below 2005 levels) by 2020. 

Eventually we need to go beyond that and rely on renewable and zero-emissions 
energy sources, and efficient energy use. Still, today the United States relies 


^ Executive Office of the President, The President's Climate Action Plan. June 2013, available at 
wwtv.whitehou5e.gov/sites/defaull'files/'image/president27sclimateactionplan.pdf. 
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predominantly on fossil fuels and will for some time, so it is crucial to reduce the 
environmental and public health impacts of all forms of fossil fuel production. 

My testimony focuses on the problem of methane emissions from the oil and 
gas sector, which take place today at high volumes when natural gas is accidentally 
leaked or intentionally vented into the air. In both cases, natural gas goes to waste 
unnecessarily. And as I discuss below, these natural gas releases pose an 
environmental and public health problem for several important reasons. Natural 
gas contains a number of harmful pollutants such as volatile organic compounds 
that cause ground-level smog and hazardous air pollutants that are toxic, all of 
which can affect public health. And the chief component of natural gas is methane, 
which is a highly potent greenhouse gas, contributing to climate change. My 
testimony focuses on the need for the federal government to establish strong 
standards that will require the oil and gas industry to use available, tried and tested, 
and cost-effective technologies to reduce methane leakage. Such standards will 
protect the air we breathe, reduce greenhouse gas emissions and prevent the waste 
of a valuable energy commodity. 
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When natural gas is burned at a power plant to generate electricity, for 
example, it emits far less carbon pollution than coal-based electricity.' However, if 
methane leaks into the atmosphere during the production and transport of natural 
gas before it reaches the power plant (or other points of use), then the relative 
greenhouse gas benefit of natural gas versus other fossil fuels is diminished (or 
even potentially eliminated depending on the actual methane leakage levels versus 
the alternative fossil fuel and use, and the time horizon, in question). 

For instance, natural gas provides a clear advantage over coal-fired 
electricity from a greenhouse gas perspective only when the methane leakage rate 
as a fraction of total production is below 3 percent. If leakage rates are between 3 
percent and around 7-8 percent, natural gas loses its advantage over coal in the 
near-term (because methane’s global warming potency is veiy high over shorter 
periods such as 20 years). If emissions exceed 7-8 percent, natural gas has no 
advantage over coal even over the long-term.’ 

The numbers above are for electricity generation from natural gas or coal. 
But when using these fuels directly to generate heat (as opposed to electricity, as in 


* EPA, Clean Energy- Air Emissions, availabte at http;//www.epa.gov7cleanenergy/energy-and-yoii/affect/air-emissions.html. 
^ AK arez, R. et al.. Greater focus needed on methane leakage from natural gas infrastructure, published in Proceedings of the 
National Academy of Sciences. 2012. avdlable at htlp://www.pnas.org/content/early/2012/04/02/l 2024071 09.abstract. 
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industrial facilities), natural gas squanders its advantage over coal from a 
greenhouse gas perspective at even lower methane leakage levels. Likewise, the 
leakage levels needed to ensure a greenhouse gas advantage are also lower for 
other uses of natural gas versus alternative fuels - for instance leakage must be less 
than 1 percent when comparing with diesel use in heavy-duty vehicles. 

As I describe later in my testimony, the methane leakage rate from the oil 
and gas industry is significant, although there are some uncertainties. The latest 
estimates indicate that about 8.4 million metric tons of methane are lost annually in 
leaks to the atmosphere, or approximately 1 .5 percent of annual natural gas 
production. These emissions are equivalent to annual greenhouse gas emissions 
from 35 million passenger vehicles or 50 coal-fired power plants,'* What we do 
know for sure is that only by curtailing methane emissions can the greenhouse gas 
advantage of natural gas relative to coal and other fossil fuels be maximized. 


EPA, Greenhouse Gas Equivalencies Calculator, available at http:/Av\v4v,epa.gov/cIeanenerg>7energy-resources/calculator.htin!. 
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II. SUMMARY OF TESTIMONY 


My testimony will elaborate on the following key messages. A considerable 
amount of methane, along with other harmful air pollutants, is currently being 
leaked and vented from the oil and gas industry. Emissions control technologies 
and associated practices to significantly limit such pollution exist today, have been 
tried and tested, and are being used by some oil and gas producers in tlie field 
already. These are also commercially cost-effective and profitable, and can 
generate value for the broader economy.^ But voluntary implementation of these 
profitable measures has not occurred comprehensively across the industry to 
satisfactorily limit emissions. Hence, there is a strong justification to fix these 
market failures, and establish emission control standards that will help to ensure 
environmental and community safety, while generating economic value. The 
recently-established EPA New Source Performance Standards and National 
Emission Standards for Hazardous Air Pollutants for the oil and gas industry® are 


Susan Haney, Vtgnesh Gowrishankar and Thomas Singer. Leaking Profits; The U.S. Oil and Gas Industry Can Reduce 
Pollution, Conserve Resoiffces, and Make Money by Preventing Methane Waste, published by NRDC, April 2012, available at 
http://'ivww.nrdc.org/energy/leaking*profits.asp. 

^ HPA, 40 CFR Parts 60 and 63, Oil and Natural Gas Sector; New Source Performance Standards and National Emission 
Standards for Hazardous Air Pollutants Review’s: Final Rule, Federal Register, Vol. 77, No. 159, August ! 6, 201 2. Page 49490- 
49600. 
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an important first step in the right direction. The recent study led by researchers 
from the University of Texas confirms that industry emissions are significant, but 
that such standards do work and can be very effective at reducing these emissions. 
However, other emission control standards can be much improved and the federal 
government should take the lead in establishing such standards. 

Specifically, the Environmental Protection Agency (EPA) has both the 
authority and the responsibility to establish standards to reduce methane pollution 
from the oil and gas industry. This includes establishing standards that specifically 
target methane emissions and cover (i) existing equipment, in addition to new and 
modified ones; (ii) all types of wells from which natural gas can be produced; and 
(iii) all sources of methane emissions across the entire natural gas supply chain. In 
my testimony I recommend specific actions that can be taken by the EPA in this 
regard, in collaboration with other agencies and the oil and gas industry. These 
actions fit very well with President Obama’s Climate Action Plan, which calls for 
developing an interagency methane strategy that coordinates government action to 
analyze emissions data, and identify, improve and implement best practices to 
reduce methane emissions, in collaboration with other sectors of the economy. 
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HI- NATURAL GAS EMISSIONS. WASTE AND LEAKAGE CAUSE 
HARMFUL POLLUTION AND LOST ECONOMIC VALUE 


Natural gas consists mostly of methane; as much as 90 percent can be 
methane. Natural gas also contains volatile organic compounds (VOCs), and 
hazardous air pollutants (HAPs) such as benzene, toluene, ethylbenzene and xylene 
among others. The proportions of these components in any particular natural gas 
stream depend on a number of factors, such as the type of geological resource from 
which it came. 

Natural gas can be emitted from various equipment and processes in the 
supply chain, especially when appropriate emission controls are not in place. It is 
sometimes intentionally vented, for instance when cleaning out wells or repairing 
pipeline leaks; this causes preventable waste. Leaks can also occur from aging, 
improperly functioning or outdated equipment. For these reasons, natural gas leaks 
can occur from wells in the extraction and production portion of the supply chain, 
from processing equipment while compressing, drying or cleaning the gas, and 
from various components during storage, long-distance transportation and local 
distribution of gas to residential, commercial and industrial customers. A 
simplified schematic below depicts the natural gas supply chain. 
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When natural gas is emitted into the atmosphere all of its components have 
harmful effects. VOCs have been shown to play a significant role in creating 
unhealthy air, most notably due to their contribution to the formation of ground- 
level ozone or “smog,” a powerful respiratory toxicant known to aggravate asthma 
and other respiratory conditions.^ Several recent studies have identified pollution 
from oil and gas facilities, some where fracking is being deployed, as contributing 
to regional ozone problems in Colorado, Texas, and Pennsylvania. 


^ EPA. An Introduction to Indoor Air Quality - Volatile Oiganic Comjxiunds - Health Effects, available at 
http://www.epa.gOv/iaq/voc.htmI#HeaIth_EfFects. 

** Petron G, Frost G Miller BR, Hirsch AI, Montzka SA, Karion A., Trainer M, Sweeney C, Andrews AE, Miller L, Kofler J, Bar 
Ilan A, DIugokencky EJ, Patrick L, Moore CF, Ryereon TB, Siso C, Kolodzey, W, Lang PM, Conwuy, T, Novelli P, Masarie K, 
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Some HAPs are known or suspected to cause cancer or other serious health 
effects, such as respiratory, neurological, reproductive, and immune system 
damage.'^ Some of the health complaints reported by people living near fracking 
sites, particularly respiratory and neurological symptoms, are consistent with 
exposure to the chemical contaminants identified in some monitoring reports.'^ 

Methane is a highly potent global warming pollutant, trapping 34 times more 
heat than carbon dioxide over a 1 00-year period. Its relative warming effect is 
almost three times greater (86) when a 20-year timeframe is considered. As a 
result, methane leaked into the atmosphere can accelerate and magnify global 
warming and climate change. 

Much of the HAPs and VOCs are removed from the natural gas stream in 
gas processing plants. As such, the transportation and distribution portions of the 


Hall B, Guenther D, Kiteis, D, Miller J, Welsh, D, Wolfe D, Neff W, Tans P., Hydrocarbon emissions characterization in the 
Colorado Front Range: A pilot study. Journal of Geophysical Research Volume 1 17,2012. 

® Gilman JB, Lemer BM, Kuster WC,de Gouw J, Source signature of volatile organic compounds (VOCs) from oil and natural 
gas operations in northeastern Colorado, Environ Sci Technology, 2013, DOI: 10.l021/es3041 19a. 

° Litovitz A, Curtright A, Abramzon S, Burger N. Samaras C, Estimation of regional air-quality damages from Marcellus Shale 
natural gas extraction in Pennsylvania. Environ. RcvS. Lett. 8, 2013. 

Olaguer E, The potential near-sourcc ozone impacts of upstream oil and gas industry emissions. Journal of Air and Waste 
Management. 62:8, 966-977, 2012. 

EPA, Toxic Air Pollutants - About Air Toxics, available at http;//w\v\v.epa.go\ /air/toxicair/newtoxics.html 
McKenzie Witter RZ, Newman LS, Adgate JL. 2012. Human Health Risk Assessment of Air Emissions from Development of 
Unconventional Natural Gas Resources. Sci Total Environ. 2012 May 1:424:79-87. 

Intergovernmental Pane! on Climate Change (iPCC), Woriting Group I Contribution to the IPCC Fifth Assessment Report 
(AR5), Climate Change 2013: The Physical Science Basis, 2013, available at 

http;//w\vvv.ciimatechange2013.org/images/uploadsAVGIAR5_WGI-l2Doc2b_FinalDraft_Chapter08.pdf. 
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supply chain further downstream emit less VOCs and HAPs, relative to methane, 
though large leaks of processed gas can still emit significant VOCs and HAPs (in 
addition to the methane). 

Clearly, preventing natural gas leakage will reduce these significant 
environmental effects. It will also curb the preventable waste of a natural resource. 
But that’s not all. It will also generate additional profit for industry, and revenue 
for taxpayers and royalty owners'^^. And as the benefits from doing so outweigh the 
cost, industry can easily afford to adopt the necessary technologies. 

My testimony is derived in large part from an NRDC report published in 
March 2012, titled "Leaking Profits: The U.S. Oil and Gas Industry Can Reduce 
Pollution, Conserve Resources, and Make Money by Preventing Methane Waste ” 
(henceforth referred to simply as Leaking Profits). 1 was the co-author of the 
report. The principal author was Susan Harvey, of Harvey Consulting, LLC. Ms. 
Harvey has more than 25 years of experience as a Petroleum and Environmental 
Engineer, working on oil and gas exploration and development projects. As such, 


U.S. Government Accountability Office (GAO), Opportunities Exi.st to Capture Vented and Flared Natural Gas, Which Would 
Increase Royalty Payments and Reduce Greenhouse Gases, October 2010, available at http://w’WAv.gao.gov7new.items/d! 134.pdf. 
The report found that industry could reduce venting and flaring onshore by at least 40 percent, which would represent $23 million 
in additional royalty payments to the federal government annually (and reduce greenhouse gas emissions by an amount 
equivalent to about 16,5 million metric tons of CO 3 — the annual emissions equivalent of 3.1 million cars). 
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both the report and my testimony draw on a wealth of experience in the oil and gas 
industry. I would like to enter that report into the record. 

The central conclusions Leaking Profits were as follows: 

• Leaking natural gas causes harmful pollution and symbolizes unnecessaty waste 
of a valuable resource; 

• Ten technically feasible and commercially viable technologies are available 
today that can substantially limit this leakage; 

• If these ten technologies could be implemented throughout the industry, they 
would have the potential to address and reduce more than 80 percent of EPA’s 
estimated emissions, and rein in methane emissions to under half a percent of 
total production; 

• The technologies all pay for themselves within a very short timeframe, and can 
generate additional revenue and profit to industry; 

• While voluntary actions have been somewhat helpful in reducing emissions, 
enhanced standards are necessary to achieve our climate needs and goals. 

Despite ongoing refinements to the emissions estimates, the central 
messages Leaking Profits remain true today. 
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IV. LEAKAGE OF METHANE (ALONG WITH OTHER POLLUTANTS) 
FROM THE OIL AND GAS INDUSTRY IS CONSIDERABLE. 
THOUGH THERE ARE UNCERTAINTIES 


In 2011, the oil and gas industry produced approximately 28,000 billion 
cubic feet (bcf) of natural gas.“ According to the latest greenhouse gas inventory 
published by the EPA in April 2013,'^ the industry leaked or vented approximately 
435 bcf (approximately 8.4 million metric tons) of methane. This translates to a 
methane loss rate of approximately 1 .5 percent of gross production. (The loss rate 
estimated in Leaking Profits was 2.4 percent, based on data published in 2011. 
EPA emissions data has been updated over the last two years.'*) 

While the EPA data are the most recent, the question of how much natural 
gas is leaked or vented is still uncertain. More comprehensive data is becoming 
available. Separate from the EPA greenhouse gas inventory, the oil and gas 
industry is required to submit emissions information pursuant to the Greenhouse 


U.S. Energj' Information Administration (EiA), Natural Gas Withdrawals and Production, accessed November 2013, available 
at http://\v\vw.eia.gov/dnav/ng/ng prod sum _dcu_NUS_a.htm. 

' ’ EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-201 1. April 2013, Table ES-2, available at 
http://wvwv.epa.gov/climatechange/ghgemissions/usinventoryreporthtml. 

This has primarily been due to large downward changes in estimated emissions from liquid-s unloading (well clean-ups), and 
changes to estimated emissions during the fracturing and refracturing of wells. However, we note that research of methane 
emissions is ongoing, and recent studies such as the one led by Dr. David Alien at the University of Texas (referenced later) 
suggest that other sources of emissions such as pneumatic controllers and other equipment may be larger than in previous EPA 
estimates. This study was inconclusive about estimated emissions from liquids unloading (well clcan-ups). 
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Gas Reporting Program,'^ with the first set of data submitted to EPA this past fall. 
Because the two programs differ in their scope and breadtli, the total methane 
emission numbers for the oil and gas industry generated by each program differ 
somewhat as well. In future years it is anticipated that the two accounting 
systems will be better reconciled. 

The figures from both the EPA’s national greenhouse gas emissions 
inventory and the EPA’s tabulation of individual companies’ emission data reports, 
show that the oil and gas industry is the nation’s second largest industrial emitter 
of greenhouse gases (mainly methane and carbon dioxide), surpassed only by 
electric power plants. 

Ongoing .studies will continue to advance our understanding of the methane 
pollution from the oil and gas industry. 


EPA, Greenhouse Gas Reporting Program -- Subpart W-Petroleum and Natural Gas Systems, 20 1 1 data, available at 
http://www.epa.gOv/ghgreporting/reporters/subpart/w.html. 

For example, the Reporting Program only accounts for large sources of methane (facilities that contain petroleum and natural 
gas systems and emit 25,000 metric tons or more of greenhouse gases per year expressed as carbon dioxide equivalents). For the 
purposes of this testimony I have used data from the EPA greenhouse gas inventory- as a more complete representation of 
methane emissions from the oil and gas industry overall. 

EPA, Inventory- ofU.S. Greenhouse Gas Emissions and Sinks 1990-2011, April 2013, Table ES-2, available at 
http://ww\v.epa.go\Vclimatechange/ghgemissions/usin% entoryrcport.himl. See also: EPA, Greenhouse Gas Reporting Program; 
GHGRP 201 IReported Data, Petroleum and Natural Gas Systems, available at 

http://www.epa.gov/ghgreporting/ghgdata/reported/petroleum.html. See also: EPA, Greenhouse Gas Reporting Program: 

GHGRP 201 ! Reported Data, Refineries, available at htip://wvvw.cpa.gov/^greporting/ghgdata/reported/refmeries.html 
(repeating emissions of 182 million tons C 02 e from refineries). 

Under either the inventory or the reporting rule, adding in CO 2 emissions from natural gas systems and petroleum systems places 
the oil and gas category in the second spot, after only power generation. It may be noted that this represents a conserv ative figure, 
as it uses a low convemion factor for translating the warming effects of mediane to CO 2 equivalents, much lower than that 
recently published by the IPCC. 
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In the past three years there have been a number of studies that estimate 
methane emission rates in the range of 2 - 7 percent, some much higher than the 
figures above. It is difficult to compare these results directly due to differences in 
methodology, such as the use of actual emissions measurements versus estimates 
from engineering equations, ambient air measurements versus direct source 
measurements, yearly gas production versus lifetime well production, and others. 
Nonetheless, they give a sense of the range of uncertainty. 

In August 2013, a team of scientists based in the National Oceanic and 
Atmospheric Administration, the University of Colorado and the University of 
California, published a study of methane emissions in the Uintah basin, Utah, 
based on atmospheric measurements. The study found that, in this particular basin, 
methane emissions ranged between 6 and 12 percent of hourly natural gas 
production levels.^^ These results may not be representative of leakage rates 
elsewhere. 

In September 2013, a team of scientists led by fellow panelist Dr. David 
Allen at the University of Texas (UT) released a study of emissions from the 


Karion, A., et a!., Metlxane emissions estimate from airborne measurements over a western United States natural gas field. 
Geophvs. Res. Lett., 40. 4393^.197, 2013, doi:10,1002/gr!.508l I. 
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production (upstream) portion of the natural gas supply chain.^^ This research is a 
helpful and informative addition to the growing body of data on natural gas 
emissions. The study found emission levels from the upstream portion of the 
natural gas supply chain to be roughly consistent with EPA’s estimates, although at 
a finer grain, estimates of leakage from specific source types within that portion of 
the supply chain differed somewhat from EPA’s estimates. 

However, the data from the study speaks for only a small sample of the 
roughly half a million producing natural gas wells in the United States. The data is 
also limited to the upstream portion of the supply chain where natural gas is 
produced, and hence does not inform the leakage rate across the entire supply 
chain. The study also did not look at gas leakage from oil production specifically. 
As such, the data may not be representative of practices across the country. Future 
planned studies by UT will investigate emissions from other portions of the natural 
gas supply chain. 


David T. Alien, Vincent M. Torres, James Thomas, David W. Sullivan, Matthew Harrison, Al Hendler, Scott C. Herndon, 
Charles E. Kolb, Matthew P. Fraser, A. Daniel Hill, Brian K. Lamb, Jennifer Miskimins, Robert F. Sawy er, and John H. Seinfeld, 
MeavSuremenls of methane emissions at natural gas production sites in the United States, Proceedings of tlie National Academy of 
Sciences {PNAS),PNAS 2013 110(44) 17768-17773; published ahead of print September !6, 2013, 
doi: l0J073/pnas. 13048801 1 0. 
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The scientific debate on the level of methane emissions from the oil and gas 
industry is ongoing, and the community is developing a better understanding. 
Direct measurement studies will help to ascertain average emission rates from 
specific equipment and components, while atmospheric measurements and studies 
of specific locales provide a top-down estimate that may alert us to surprising 
emission sources. As our understanding of current emissions continues to improve, 
one thing we know for sure is that methane leakage can and should be reduced, as 
discussed in the next section of my testimony. 


V. VIABLE TECHNOLOGIES ARE AVAILABLE TO CONTROL 
THESE EMISSIONS 


Notwithstanding the range of methane leakage rate estimates, these 
emissions are substantial even at the lower end of the range. But on the brighter 
side, the technology exists to curb this leakage, simultaneously mitigating harmful 
impacts to community health and the climate, while generating additional revenue 
and profit for the oil and gas industry and other stakeholders. 

Leaking Profits documents and describes ten control technologies that are 
technically proven, commercially available, and profitable ways for operators to 
capture methane that would otherwise be leaked or vented to the atmosphere. The 
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ten technologies can be applied to various parts and processes of the supply chain: 
to wells during the extraction process, to processing equipment while compressing, 
drying or cleaning the gas, and to various components while storing and 
transporting it. The ten technologies surveyed by the report are briefly described 
below and also summarized in the inset panel. 

• Green completions or reduced emissions completions: Methane emissions can 
occur as the well is completed (cleaned and prepared for production) by 
allowing the liquids, gases and other materials to flow out of the well. Green 
completions use processing equipment to separate the natural gas, from the 
liquids and other materials, which can then be captured and sold (or used 
onsite), thereby preventing methane emissions. 

• Plunger lift systems (or similar approaches): Older wells can sometimes 
accumulate liquids that clog production, and methane can be vented during 
clean-up operations. Plunger lift systems can help reduce such emissions. 

• Dehydrator emission controls: The process of removing moisture from natural 
gas can lead to methane leakage, and a combination of improved practices and 
equipment can minimize such emissions. 

• Improved seals and maintenance for compressors: Compressors are used 
throughout the natural gas supply chain to pressurize, compress and transport 
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gas. Poor seals can leak methane, which can be prevented by using improved 
seal technology and regular maintenance. 

• Low-leakage pneumatic controllers: Pneumatic controllers regulate pressure, 
gas flow and other characteristics of flowing natural gas. They may be designed 
to vent methane during nonnal operations. Advanced pneumatic controllers are 
available that emit smaller amounts of methane or none at all. 

• Pipeline maintenance and repair: Techniques are available that can limit the 
amount of methane leaked even when pipes need to be inspected and repaired. 

• Vapor recovery units: When oil and gas is stored, volatile methane can be 
leaked if there is inadequate sealing. Vapor recover units ensure that volatile 
methane (along with other pollutants) is captured. 

• Leak monitoring and repair: Methane leaks across the supply chain can be 
reduced by employing a suite of leak detection technologies (such as infra-red 
cameras, electronic and acoustic gas detectors and toxic vapor analyzers), 
coupled with robust leak repair schedules and protocols. 
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Each of these technologies has been implemented successfully by a number 
of oil and gas companies and operators in some of their operations, such as 
Anadarko, BP, ConocoPhillips, Chevron, Devon, EnCana, Southwestern and 
Williams, to name a few. Unfortunately, they are not universally adopted industry- 
wide. The operational performance of the control technologies are also found to be 
very favorable in studies conducted by the EPA Natural Gas STAR program."'* 
(The Natural Gas STAR program also provides guidance on the use of these and 
many other emission control technologies.) 

Leaking Profits also analyzes the costs and benefits of the technologies, and 
summarizes and compares their commercial viability across a number of 
implementation instances (as shown in the table below). It finds that the 
technologies are very cost-effective, paying for themselves in less than one to three 
years. Typically these emission control technologies require an upfront investment, 
either for a retrofit or for specific components on newly installed equipment. The 
control technologies generate additional revenue by reducing wasted gas, which 
can be sold to the market or used onsite (thereby offsetting fuel costs). The control 


EPA. Natural Gas STAR Program, available at http:/AvT)v\v.epa.gov/gasstar/. 
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technologies sometimes need additional operations and maintenance, but on many 


occasions produce savings on that front as well. 
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VI. THE TECHNOLOGIES HAVE THE POTENTIAL TO REDUCE 
EMISSIONS DRASTICALLY 

Leaking Profits estimated that, together, the ten technologies discussed in 
this report could address and potentially reduce more than 80 percent of emissions 
from the oil and gas industry. This is equivalent to reducing gross emissions to 
under half a percent of yearly natural gas production. (As explained earlier, 
curtailing methane emissions to this extent can maximize the advantage of natural 
gas relative to coal and other fossil fuels.) 
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In making this estimate, Leaking Profits assumed nearly complete technical 
applicability and feasibility of these emission control technologies, and sufficient 
time for the deployment of these technologies, industry-wide. A detailed analysis 
of the technical feasibility of technology deployment was beyond this study’s 
scope. Nonetheless, Leaking Profits provides a sense of the considerable extent to 
which these ten technologies are applicable and their potential for emissions 
reductions. (Even using EPA’s lower leak rate estimate (1.5 percent vs. 2.4 
percent), the ten technologies could still address and potentially reduce a high 
percentage of emissions, in the vicinity of 60 - 80 percent.) 

The recent study led by Dr. David Allen at UT throws light on the efficacy 
of emission control technologies in operation. The effectiveness of green 
completions (and flaring in its absence) in reducing emissions was clearly 
demonstrated. Across a sample of 27 wells undergoing completions, the potential 
emissions^’ were consistent with those in EPA’s national inventoiy. Actual 
emissions measured from these completed wells were found to be significantly 
reduced (on average by 98 percent), largely due to the fact that many of the wells 


The methane that would te emitted if all of the methane leaving the wellhead during the process of completion flovvback were 
vented to the atmosphere. 
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had implemented practices to minimize emissions, such as those akin to green 
completions or flaring. 

On the other hand, the study found that the leakage rate from low-bleed 
pneumatic controllers in practice were higher than previously estimated by the 
EPA. This suggests room for further improving the control technologies. The study 
was inconclusive about the magnitude of emissions from well clean-ups (liquids 
unloading), which may be controlled by plunger lift systems. 

VII. VOLUNTARY ACTIONS ARE INSUFFICIENT TO CONTROL 
METHANE EMISSIONS 


In light of the fact that methane controls have been shown to be profitable, a 
commonly asked question is: “Why doesn’t the oil and gas industry voluntarily 
invest in methane emission control?” 

In some limited cases, site-specific factors, such as flow rate, temperature, 
and low gas pressure, render the control of methane emissions technically 
infeasible or unprofitable. However, for most of the methane control technologies 
highlighted in this report, ensuring that companies use the technologies is more a 
matter of modernizing outmoded business practices, commanding resource and 
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budget allocations, and instilling a corporate commitment to greenhouse gas 
emission reduction. 

The American Petroleum Institute (API) explains that in order to maximize 
profit and provide shareholders with the highest possible return on investment, the 
oil and gas industry operates with a strict ranking of capital projects for maximum 
yield.^^ Thus, even though methane control measures are profitable, they are often 
crowded off the list of corporate investment projects by other investments with an 
even higher rate of return or lower perceived risk profile. Even with payback 
periods ranging from immediate to three years, some companies apparently view 
these leak prevention technologies as not attractive enough to meet the oil and gas 
companies’ extraordinarily high expected rates of return on other projects. In yet 
other cases, accounting factors, and short- and long-term acquisition and 
divestment strategies, can frustrate even high-return, low-capital methane 
reduction projects. The public benefits of emission control measures are entirely 
ignored. 


American Petroleum Institute (API) and the International Petroleum Industry Environmental Conserv ation Association 
(IPIECA), Oil and Natural Gas Industry Guidelines for Greenhouse Gas Reduction Projects, prepared by URS Corporation, 
March 2007. On page 18, the document concludes that “Companies and investors operate under capital constrains and the 
estimated financial returns of such GHG reduction projects may not justify diverting capital from other higher return or more 
strategic initiatives.” 
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In short, a few leading oil and gas companies have implemented a subset of 
standards in some of their operations. But many others have not. 

Thus, there is an especially compelling case for fixing market failures that 
ignore public benefits - a case where standards limiting greenhouse gas emissions 
turn a profit, even if one smaller than some oil and gas companies seem to desire. 
This is why NRDC concludes that standards are needed to level the playing field, 
as we cannot rely on all companies to adopt even profitable methane control 
technologies voluntarily. 


VIII. RECENTLY ESTABLISHED EPA STANDARDS BEGIN TO 
CONTROL THESE EMISSIONS 

In April 2012, the EPA finalized performance standards for certain new and 
modified sources of emissions from the oil and gas industry. These were published 
in the Federal Register in August 2012.“’ These standards target volatile organics 
emissions and hazardous air pollutants, but they have the co-benefit of reducing 
methane emissions from some emission sources in the natural gas supply chain, 


EPA, 40 CFR Parts 60 and 63, Oil and Natural Gas Sector: New Source Perfonnance Standards and National Emission 
Standards for Hazardous Air Pollutants Reviews: Final Rule, Federal Register, Vol. 77, No. 159, August 16, 2012, Page 49490- 
49600. 
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particularly in the upstream production and processing portions. (I note here that 
when there is appreciably less volatile organics and hazardous air pollutants 
present in the natural gas streams, such as in the transportation and distribution 
portions of the supply chain, these standards are much less effective at reducing 
methane emissions.) 

These standards were a long-awaited and important update after several 
decades in which only very weak and limited EPA requirements had applied to the 
industry. But while they are a good first step in the right direction, they leave 
significantly more work to be done regarding methane. 

The standards require a number of control technologies, almost all of which 
are discussed in Leaking Profits and found to be cost-effective and profitable. 

The standards require the use of green completions by 2015 (and in the 
interim any emissions will have to be flared). Emissions reductions from this 
portion of the standards constitute the majority of expected reductions associated 
with the rulemaking. These standards only cover wells whose primary purpose is to 
produce gas, a loose definition that may not apply to oil wells that co-produce large 
amounts of gas. 

The standards will also require low-leakage (low-bleed) pneumatic devices, 
improved seals and maintenance for compressors, vapor recovery units, and leak 
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detection and repair. But these standards cover only new or modified equipment in 
limited parts of the supply chain. For instance, the standards do not cover most 
existing equipment already operating in the field. Additionally, they do not cover 
most leaking equipment further downstream from where natural gas is produced 
(wells) and processed, such as in the storage, long-distance transportation and local 
distribution portions of the natural gas supply chain. Hence, the magnitude of 
expected reductions from these standards is a small percentage of the total methane 
from the industry. 

As such, in the near-term we estimate that the EPA standards will reduce 
approximately 10-15 percent'® of the industry’s total annual emissions. As old 
equipment is replaced over time and new equipment becomes subject to the 
standards, by 2035, annual emissions reductions could increase to approximately 
25-30 percent of the total. 


This number would depend on the size of the total emissions inventory (noting that there has been and continues to be 
uncertainty in these emissions), as well as other factors such as the technical ^plicability of the standards, exemptions and 
enforcement. 

James Bradbury, Michael Obeiter, Lauren Draucker, Wen Wang, Amanda Stevens, Clearing the Ain Reducing Upstream 
Greenhouse Gas Emissions from U.S. Natural Gas Systems, published by World Resources Institute, April 2013. available at 
http://w'\vw.\vri.org/publication/cleaiing-air. 
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The table below is a summary of what emission sources the EPA standards 
would cover, along with other sources that similar standards could have cost- 
effectively covered (as per our analysis) but are not required to. 
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IX. STANDARDS CAN GO MUCH FURTHER TO CONTROL 
EMISSIONS 


Clearly, referring to the above table, emission control standards can go much 

further. NRDC recommends that the federal government require the following 

additional measures to reduce methane emissions further: 

• Controls for existing equipment (not just new or modified ones), particularly 
existing compressors and pneumatic controllers, for which reducing emissions 
is particularly cost-effective. 

• Green completions (or other emission control practices) for associated or co- 
producing wells, which produce both oil and gas. 

• Plunger lift systems (or similar approaches) at existing gas- or oil-producing 
wells that vent methane during clean-up operations. 

• Rigorous leak detection and repair protocols that are able to detect a variety of 
leaks, efficiently over the numerous sources within the oil and gas industiy, and 
repair them effectively and in a timely fashion. 

• A suite of emission control measures that apply to the downstream portion of 
the natural gas supply chain where gas is stored, transported and piped to 
residential, commercial and industrial end-users. This includes leak detection 
and repair of corroded and leaky pipelines; replacement of leaking pneumatic 
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controllers, compressors and other components; and the use of smart pipeline 
repair techniques that vent less methane. 

In addition to standards that target hazardous air pollutants and volatile 
organic compounds, standards should be designed to directly target methane 
emissions. This would enable reaching all significant sources of methane emissions 
throughout the natural gas supply chain, including those not addressed by recently- 
established standards targeting other pollutants. This would also facilitate the most 
appropriate standards for methane emission control, and a more accurate reflection 
of the cost-effectiveness of such standards. 

Additionally, all of these actions would be entirely consistent with the 
President’s Climate Action Plan, which includes an Interagency Methane Strategy 
led by the EPA, which will seek to analyze emission sources, identify and improve 
control technologies and best practices, establish incentives, and coordinate agency 
action to achieve meaningful emission reductions. 

I also note that, also consistent with the Climate Action Plan, these actions 
will help achieve a collaborative approach among government and a number of 
industrial sectors, which would be self-reinforcing and beneficial to the wider 
economy. For example, for companies that lack the technical expertise or staff 
resources in house, there are excellent federal resources (such as EPA’s Natural 
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Gas STAR program that provides technical guidance on methane control) and 
private service providers. The installation, operation and maintenance of pollution 
control equipment create jobs and revenue for service providers and/or oil and gas 
producers; increased spending in this regard would especially be a boon for smaller 
regional service companies. Additionally, emission control standards would also 
create extensive opportunities for the manufacture of necessary equipment and 
pipes in the United States^°; furthermore, such opportunities, supported by 
successful programs like EPA’s Natural Gas STAR can lead to innovation and 
improvement of technologies and standards. Robust leak detection and repair 
practices that reduce emissions and improve industry safety would create 
employment for well-trained workers such as pipeline technicians and natural gas 
facility operators; various labor groups such as United Steelworkers and the 
BlueGreen Alliance are eager to partner with the government in this regard. 


Richard Heidora. Bloomberg Government Fracking Emission Rules: EPA, Industry Miss Mark on Costs, Consequences, July 
2012. available at h(tp://about.bgov,com/2012-07-19/fracking-emissions-ml«-re-estimating-the-costs/. 
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X. CONCLUSION 

In closing, I would like to summarize and underscore the central message of 
this testimony. A considerable amount of methane, along with other harmful air 
pollutants, is currently being leaked and vented from the oil and gas industry. 
Emissions control technologies and associated practices to significantly limit such 
pollution exist today, have been tried and tested, and are being used by some oil 
and gas producers in the field already. These are also commercially cost-effective 
and profitable, and can generate value for the broader economy. But voluntary 
implementation of these profitable measures has not occurred comprehensively 
across the industry to satisfactorily limit emissions. Hence, there is a strong 
justification to fix these market failures, and establish emission control standards 
that will help to ensure environmental and community safety, while generating 
economic value. The recently-established EPA emission standards for the oil and 
gas industry are an important first step in the right direction. The recent study led 
by researchers from the University ofTexas confirms that industry emissions are 
significant, but that such standards do work and can be very effective at reducing 
these emissions. However, other emission control standards can be much improved 
and the federal government should take the lead in establishing such standards. 
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rinpiie I? valuable as a fuel h>i 

! ' % J i dioxide over a 'in ue' 'O w -'r t, fgi 

T 1 cerijr'S Methane makes uo as much as 90 percent of natuial gas Curiemty tlic United 
States loses at least 2 to 3 percent of its total natural gas pioduction each year when gas is leaked oi 
vented to the atmosphere Natural gas is routinely allowed to escape into the atmosonei e from oil and 
gas industry equipment and processes TTus is a waste of a valuable fuel resource as well as a souice 
of local pollution and climate change. 


focus on I educing methane waste can produce not only benefits for the climals but also 
substantial profits foi oil and gas companies, and revenues for royalty ownets including taxpaveis, 
who own public lands This leport focuses on 10 profitable and widely applicable methane emission 
reduction opportunities in the Lfmteci States oil and gas SO&GI industry If these technologies could 
be used throughout the industry, they have the potential to reduce U,S. methane emi.ssions by 
rnoie than 80 parent of current levels, based on the U.S, Environmental Protection Agency’s (FPAl 
oslimates, an amount greater than the annual greenhouse gas emissions from 50 coal tired powei 


plants This methane, if captured and sold, can'farlng in bilhons of doilais in tevenues while be-nefitinq 


the environment 


Aicombinationot.voiuntary.andmandatory-.pragrarns'-irnplemented by.the.EPA and iTiany:State.s,:has.:..i 
already reduced the industry's: 0.:S: , methane emissions by more than , 20 percent . C3iven industry : : : 
piaGtioe.tD'date,;. it,, appears, that,availabterod,ntfoU'eohndlogies-,’while,profitable,, do not, provirfe ,:, ; 
sufficient incentive to drive further voluntary'reductibns; While voluntary programs have resulted in ,, 
some progress, additional mandatory prbgfahns' are heeded to get closer to the, more than 80 percent 
methane reduction level that this report demonstrates could be within our reach. 
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The U.S. O&G industry, which includes both liquid petroleum 
(crude oil, condensate, and natural gas liquids) and natural 
gas systems (Figure 1), produced 26,000 Bet' {billion cubic 
feet) of gas in 2009.’ The industry lost an estimated 623 Bcf of 
methane to the atmosphere in 2009, a loss of 2.4 percent of 
the total U.S. gas produced. This amount of methane, 623 
Bcf, is roughly 37 percent of total U.S. methane emissions 
(Figure 2).^ Natural gas systems contribute rnOvSt of the OStG 
Industry's methane emissions, .'i47 Bcf/year (8R percent of 
the total). Liquid petroleum systems, which currently result 
in methane emissions of about 76 Bcf/year (12 percent of the 
total), represent an additional emission source (Table 1). 

The 1 0 technologies covered in this report are technically 
proven, commercially available, and profitable ways for 
operators to capture methane that would otherwise be leaked 
or vented to the atmosphere from oil and gas production, 
processing and transportation systems.® These 10 methane 
control solutions are only a starting point for the O&G 
industi y. Tlie KPA's Natural Cias STAR Program, the O&CJ 
industry, and equipment vendors have identified nearly 100 


methane control options that have merlt^ We selected these 
10 technologies because they have been proven by tlie EPA 
and industry to be both profitable and technicaJly feasible, 
time and time again. 


Figure 2: Melliano Ironi the O&G Industry ns 
a Percent of Total U S Methane tnussions 


1 U.S, O&G Industry 
Methane Emissions 

8 Total U-S, Greenhouse 
Gas Emissions 


Note: Methane tnatle up 10 3 percent of U.S. g;eenhcu.';egasemissicri.';in2009. 
Source; U.S. EPA 201 1 GK&ihouse Gas inventory 
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I’ogether, these 10 technologies have the ability to capture 
more than 80 percent of the O&G sector’s methane emissions 
if they could be deployed industry-wide: 

1. Green Completions to capture oij attd gas well 
emissions 

2. Plunger Lift Systems or other well deliquification 
methods to mitigate gas well emissions 

3. Tri-Ethylene Glycol (TEG) Dehydrator Emission 
Controls to capture emissions from dehydrators 

4. Desiccant Dehydrators to capture emissions from 
dehydrators 

5. Dry Seal Systems to reduce emissions from 
centrifugal compressor seals 

6. Inqjroved Compressor Maintenance t€» reduce 
emissions from reciprocating compressors 

7. Low-Bleed or No-Bieed Pneumatic Controllers used 
to reduce emissions from control devices 

8. Pipeline Maintenance and Repair to reduce 
emissions from pipelines 

9. Vapor Recovery Units used to reduce emissions 
from storage tanks 

10. Leak Monitoring and Repair to control fugitive 
emissions from valves, flanges, seals, connections 
and other equipment 

Methane control technologies provide economic, health, 
safety, and environmental benefits for both operators and 
the public. These control technologies reduce not only 
greenhouse gas emissions, but also potentially explosive 
vapors, hazardous air pollutants, and volatile organic 
compounds (VOC), improving worker safety and limiting 
corporate liability. Using these technologies, captured 
methane can be turned into a supply of natural gas to meet 
ever-growing market demands, or used as a source of energy 
for operations. When development occurs on public lands, 
use of the technologi es can result In royalty payments to the 
government from the sale of captured methane, as well as 
improved .stewardship of our natural resources.'’' 

hi its 2011 Cireenhouse Gas Inventory, the EPA estimated 
that the O&G industry reduced emissions by lf>0 Bcf in 2009. 
At a price of $4 per thousand standard cubic foot (Mcf), the 
Industry generated $672 million in gross revenue by keeping 
this gas in tlie revenue stream. About a quarter (39 Bcf) of the 
emissions reductions came from Federal regulations such 
as NESHAPs (National Emission Standards for Hazardous 
Air Pollutants), and three quarters (129 Bcf) from voluntary 
emissions reductions under the HPA's Natural Gas STAR 
program. 

The 1 0 technologies discussed in this report could 
potentially capture more than 80 percent of the 623 Bcfwa.sted 
by the O&G industry. Selling this methane at the average 2011 
price of $4/Mcf would generate more than $2 billion annually. 

This i.s eq ui valent to reducing greenhouse gas emis.sions 
from more than: 

40,000,000 passenger vehicles 
s; The electric use of 23, 000, 000 homes 
H 50 coal fired power plants, or 
^ 500,000,000 barrels of oiP 


Despite these environmental and financial benefits, in some 
instances there are technical, financial and institutioriai 
barriers that prevent O&G operators or companies from 
volimtarily investing in methane control. Nevertheless, most 
of the methane control technologies highlighted in this 
report can be achieved simply by modernizing outmoded 
business practices, commanding resource and budget 
allocations, and instilling a corporate cf)mmitment to 
methane emission reduction. If better operating conditions 
and profits are not enough incentive to implement these 
projects, policies that mandate emissions control will be 
necessary to achieve the full potential of these methane 
control technolf)gies. 

EMISSION REDUCTiON POTENTIAL OF 
10 PROFITABLE TECHNOLOGIES 

Each methane emission control technology evaluated in 
this report contributes to the goal of treating methane as a 
valued resource and keeping it out of the atmosphere. Just 
two methane control technologies, green completions and 
plunger lift systems, can potentially address nearly 40 percent 
of methane emissions (Figure 3). All 1 0 technologies discussed 
in this report together could address an estimated 88 percent 
ofemissions from the O&G industry. This is equivalent to 
reducing gross emissions from 3 percent of production to 
aboutO.4 percent of production. 

The estimate of potential emissions reductions from 
these ten technologies assnmes nearly complete technical 
feasibility for all sources in a category, and sufficient time 
for the deployment of these technologies industry-wide. A 
detailed analysis of the technical feasibility of technology 
deployment is beyond the scope of this report. The estimate 
includes cumulative emissions reductions possible, i.e., not 
incremental to any reductions already made. 


TiWi i. '^Ihe HuHife Ewutt 
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"frcin Natural Gas STWl progfam and fedeisl regulations 
source: US. tfAaili (ireeniwuse has inventory 


Only gross emissions estimates are available from the EPA 
in sufficient detail by source to u.se as a basis for analysis. 

The following emissions estimates, from the EPA’s 20 1 1 
Greenhouse (kis Inventory, are based on gross emissions 
(corresponding to total gross emissions of 791 Bcf/year).^ 
m Green completions, also known as reduced emissions 
completions, are closed loop systems that capture liquids 
and gases coming out of the well during “completions” 
using temporary processing equipment brought to a w'ell 


PAGE 5 I Leaking Profits 



85 


Fujun* I'uU.^t-y tV-nhflnR **?duct!%»if Pot- ri*'** hy TiM'hnnhKjy 


13%Lc'A-Bleioaci 
No-Bleed Pneumatic 
Controllers 

18% Leak Monitoring 
and Repair 


3% Vapor 
Recovery Units 

2% Pipeline Maintenance 
and Repair 

12% Not Addressed 
by 10 Technologies 



9% Improved 
Com[:ressor Maintenance 


39% Green Completions 
and Plunger Lift Systems 


1%TEG Dehydrator 
Emission Controls and 
Desiccant Dehydrators 

3% Dry Seal Systems 


Ncte: 2009 gross O&G industry meftaneemtssicn was 791 Bcf Tlte 10 tachnclcgies can address aB but 12 percenter these emissicns. 
Based cn data from U S. EPA2011 Greenhouse SasInvsirtorY. 


site, then routing fluids and gases to a tank for separation 
to enable sale of gas and condensate. Historically, the 
fluids and gases flouting back out of the well have been 
routed to an open air pit or perhaps a tank, allowing 
substantial amounts of methane to vent directly into 
the atmosphere. The EPA estimates that approximately 
11,200 Mcf of natural gas is emitted per well completion, 
on average. Well completions, workovers and cleanups 
emit approximately 305 Bcf gross of methane per year. 
Green completions may be used to control considerable 
emissions from well cornpletionvS and workovers (60 Ref). 
Green completions can also be used to control a portion 
of tlie 237 Bcf/year in emissions from cleanups of low 
pressure wells {also known as liquids unloading). 

Plunger Lift Systems are installed on gas wells that .stop 
flowing when liquid (water and condensate) accumulates 
inside the wellbore. 'These systems lift accumulated 
liquids in the wellbore to the surface. Using this method, 
methane gas can be captured and .sold rather than vented 
to atmosphere as wjuste. Approximately 4, v500 to 18,000 
Mcf/year of methane gas is emitted per well, mainly from 
normal cleanup operations. Tliis contributes to the EPA’s 
estimate offtjtal gross emissions of 237 Bcf/ye-ar from 
liquids unloading. 

TEG Dehydrator Emission Controls or Desiccant 
Dehydrators can be used to reduce methane waste 
while reinoving moisture from natural gas from oil or 
gas wells. Methane is often vented during the process 
of dehydrating gas, but it can be captured using either 
emission control equipment placed on TEG dehydrators, 
orwTth desiccant dehydrators. Desiccant dehydrators 
dry gas by passing it through a bed of sacrificial 
hygroscopic salt (the desiccant); there are no pumps, 
contactors, regenerators, or reboilers. Only a small 
amount of methane is released intermittently when the 


unit is opened to replace the salt. De.siccant dehydrators 
are best suited for low gas flow rates and iow gas 
temperatures. Alternatively, where glycol dehydrators are 
still required, there are emission control solutions that 
can capture metliane gas for use as fuel. The EPA estimates 
that 20,000 Mcf/year of natural gas is emitted per well 
on average (including both old and new wells), and that 
.smaller dehydrators still cumulatively emit approximately 
8 Ret of methane per year despite mandatory emis.sion 
controls on most large dehydrator systems, A .significant 
fraction of this 8 Bcf/yeai of gross emissions from this 
source can and should be captured. 

Dry Seal Systems can be used throughout the Q&G 
industry to reduce emissions from centrifugal 
compressors that compress natural gas .so that it can 
be efficiently moved through a pipeline. Methane can 
leak from the seals in centrifugal compressors and the 
rod packing mechanisms in reciprocating compressors. 
Installation of improved dry seals in centrifugal 
compressors, atid improved compressor maintenance 
by replacing worn rod packing in reciprocating 
compressors, have the potential to significantly reduce 
the amount of methane emitted. The EPA estimates that 
leaking compressors emit about 102 Bcf/year (27 Bcf/ 
year from centrifugal compressors and 75 Bcf/year from 
reciprocating compre.ssors). A significant fraction of this 
can and should be captured. 

Low-Bleed or No- Bleed Pneumatic Controllers can be 

used throughout the O&G industry to reduce emissions 
while regulating pressure, gas flow, and liquid levels, and 
automatically operating valves. High-bleed pneumatic 
devices are designed to release methane gas to the 
atmosphere. Converting high-bleed gas devices to low- 
bleed devices, or moving away from gas-operated device.s 
altogether in favor of in.strument air, reduces methane 


s 
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POLICY RECOMMENDATiONS 


emissions. The HPA estimates that 80 percent of aU high- 
bleed pneumatic devices can be retrofitted, and that 
there is an opportunity to reduce a very large fraction 
of the 99 Bcf/year of gross methane emissions from 
pneumatic controllers. 

s Pipeline Maintenance and Repair can resitlt in methane 

venting to tlte atmosphere when an oil or gas pipeline is 
cut or when methane is vented to reduce potential fire 
or explosion risk while the pipe is under repair. Instead, 
to mitigate methane release, subject to a thorougji safety 
evaluation, gas can either be re-routed and burned as 
fuel during the repair and maintenance, or work can 
be conducted (tn the pipeline while it is in operation. 
Methane gas venting can als(r be mitigated by using hot 
tap connections, de-pressuringthe pipeline to a nearby 
low pressure fuel system, or using a pipeline pump-down 
technique to route ga.s t«i sales. The BPA estimates that 
pipeline maintenance and upset conditions requiring 
venting result in emission of 1 9 Bcf of methane per year, a 
sizeable fraction of which can and should he captured. 

M Tank Vapor Recovery Units (VRUs) capture methane that 
otherwise would escape from crude oil and condensate 
tanks and be vented to the atmosphere through three 
different mechanisms: (1) flashing losses, (2) working 
losses, and (3) standing losses. To reduce these losses, 
a vapor recovery unit can he installed on tlie tank to 
capture methane gas for sale or for use as fuel. The EPA 
estimates these methane emissions amount to about 21 
Bcf/year, a sizeable fractioit of which can and should be 
captured. In addition to methane, tank vapor recovery 
units can also reduce emissions of hazardous air pt)llutcints 
(HAI^), such as benzene, toluene, ethylbenzene, xylenes, 
and volatUe organic compoimds (VOCs). 

ss Leak Monitoring and Repair prevents leaks at oil or 
natural gas facilities that would otherwise result in 
fugitive methane emissions, which may occur due to 
normal wear and tear, improper or incomplete assembly 
of components, inadequate material specifications, 
manufacturing defects, damage during installation 
or use, corrosion, or fouling. As gas moves through 
equipment under high pressure, methane gas leaks can 
occur from numerou-s locations at oil and gas facilities: 
valves, drains, pumps, threaded and flanged connections, 
pressure relief devices, open-ended valves and lines, and 
sample points. Because methane is a colorless, odorless 
gas, methane leaks often go unnoticed. I,eak monitoring 
programs, and prompt repair when leaks are detected, 
can be effective in controlling fugitive emis.sions. 

Control can be achieved through a two-part process: 

(1 ) a monitoring program to identify leaks, and (2) a 
repair program to fix the leaks. The EPA estimates riiat 
equipment leaks result in gross emissions of 143 Bcf of 
methane per year. A large part of this may be controlled 
by improved leak monitoring and repair programs. 


The EPA’s Greenhouse Gas Inventory in recent years represents 
the agency’s best current understanding of methane 
emissions from the O&G industry based on available data, 
recognizing that significant uncertainties exist. Changes 
to the inventory in recent years highlight challenges in 
understanding methane emissions from the O&G industry. 
NRDC calls upon the industry to provide improved data 
to aid the EPA in resolving uncertainties. NRDC strongly 
supports rigorous, mandatory reporting, especially from 
numerous small sources that in aggregate may result in 
significant emissions, improved data can support more 
robust analyses of methane emissions, which will help 
with the development of appropriate emissions reduction 
solutions. 

In its 2011 Greenhouse Gas Inventory, the EPA provides 
an excellent breakdown of emissions by both O&G sector 
(productioir, processing, transtnission) and by source. It does 
not, however, provide enough detail of emissions reduction 
by leakage source. Emissions reduction is only identified 
at a broad sector level. NRDC recommends that the EPA 
provide a more detailed breakdown of emissions reduction 
by leakage source. 

On broader policies to control methane emissions, NRDC 
supports the EPA’s steps to improve the O&G industry 
prrjposed New Source Performance Standards (NSPS) 
to control VOCs, which will achieve significant methane 
reduction co-benefits.** For example, methane emitted during 
well completions and recomplefions will be controlled to a 
much larger extent once the proposed VOC regulations are 
implemented. The EPA’s proposed NSPS regulations ate a 
good starting point. 

However, NRDC recommends that the EPA’s proposed 
NSPS regulations go much further.® First, the EPA should 
directly regulate methane. In addition, while the EPA has 
proposed federal performance standards for new and 
modified sources, the proposal does not cover the many 
existing sources of methane. The EPA should issue guidelines 
for existing sources, which states would then he required to 
adopt through their State Implementation Plans. The EPA's 
guidelines should cover all significant sources of emis.sions, 
and all segments of the natural gas supply chain, and require 
compliance with stronger standards and procedures. 

While the Natural Gas STAR voluntary program has 
achieved some success In controlling methane emissions, 
mandatory control requirements such as under the NvSPSand 
NESHAl^ programs are necessary for greater industry-wide 
entissions reductions. 

Federal land management agencies should also exercise 
their authority to contrrd methane waste from oil and gas 
lease operations <jn federal lands. 

Finally, state gfwernments also can do more to require 
methane emission controls. Colorado, Montana, and 
Wyoming have rules covering existing methane emission 
sources including wells, pneumatic devices, and storage 
tanks. WTiile these rules provide a good start, they and other 
states should develop even stronger regulations. 
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Methane is the primary component ot natural gas> whichm^^ ^ - has improved operational and economic performance, 
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Fujurt* !) ()8(G Industry Methane Reduction and Remaining Opportunity 


H 168 Bcf/yr reductions already made 
H 623 Bcf/yr remains to be captured 

Saurc8:US. EPA2011 Greenhouse Gas Inventory 


2,1 INCENTIVES TO INVEST 

In light of the fact that methane controls have been shown to 
be profitable, a commonly asked question is: AVhy doesn’t the 
0&(?i industry voluntarily invest in methane emission control?” 

In some limited cases, site-specific factors, such as flow 
rate, temperature, and low gas pressure, make methane 
emissions control technically infeasible or unprofitable. 
However, for most of the methane control technologie,s 
highlighted in this report, it is simply a matter modernizing 
outmoded business practices, commanding resource and 
budget allocations, and instilling a corporate commitment to 
greenhouse gas emission reduction. 

The American Petroleum Institute (API) explains that in 
order to maximize profit and provide shareholders with the 
highest possible return on investment, the O&G industry 
operates with a strict ranking of capital projects for maximum 
yield Thus, even though metliane control can be profitable, 
other core business projects with an even higher rate of 
return often compete successfully for available corporate 
funding. Payout periods for methane control technologies 
discussed in this report range from immediate to three years, 
yet this may not be attractive enough to compare with oil 
and gas companies’ high expected rates of return. In other 
cases, factors such as reserves booking (accounting tor oil 
and assets on the balance sheet), and short- and long-term 
acquisition and divestment strategies can outweigh even high 
return, low capital methane reduction projects. 

Obstacles to implementing even profitable methane 
control technologies — whether site-specific, financial, or 
institutional arising from company culture — may seem 
hard to overcome. But there i.s an especially aunpelling 
case tor fixing market failures where limiting greenhouse 
gas emissions and profits go hand in hand. This is why 
NRDC finds that where companies do not adopt these 
technologies voluntarily, regulations requiring mandatory 
reductions should be implemented. For companies that 
lack the technical expertise or staff resources in house, there 
are excellent private and federal resources for technical 
assistance on methane control. 


2.2 METHANE EMISSION TRACKING 

In its 2011 Greenhouse Gas Inventory', the EPA estimated that 
the O&G sector emitted 623 Bcf of methane, with natural gets 
systems accounting tor 547 Bcf and liquid petroleum systems 
contributing 76 Bcf. The EPA also estimated that the indushy 
captured IBB Bcf of gross methane emissions in 2009, 
exclusively from natural gas systems.’^ If no reductions w'ere 
implemented, the gross leak rate would be an estimated 791 
Bcf/year (623 Bcf/year net emi-ssions plus 1 6B Bcf/ year) as 
shown in Figure 5. The United States produces approximately 
26,000 Bcf of natural gas per year. Thus, at the gross leak rate 
of 791 Bcf/year, the U.S. O&G industry is losing 3 percent of 
its total gas production to tlie atmosphere. At the HPA’s net 
leak rate of 623 Bcf/year , the industry is losing 2.4 percent of 
its total gas to the atmosphere. 

As discussed in Section 2.3 below, the HPA numbers are 
quite uncertain. Other sources indicate that the amount 
of methane lost to the atmosphere each year in the United 
States could be substantially higher.’'" 

According to the 201 1 Greenhouse Gas Inventory, industry 
achieved the 168 Bcf in reductions tlnough a combination of 
the ERA’S successful voluntary emission reduction program. 
Natural Gas STAR (77 percent), and federal emission 
regulations imposed on industry in the past decade to 
curb emissions (23 percent). The EPA did not identify any 
emissiim reductions achieved in the petroleum systems 
category. Most oil production operations also produce 
associated gas. Based on KPA estimates, there is a 76 Bcf 
methane reduction opportunity for the petroleum systems 
category. 

The 2011 Greenhfntse Gas Inventory tr-Acks methane 
emissions by leakage source for natural ga.s systems (Figure 
6) and liquid petroleum systems (Figure 7). In natural gas 
sy'stems. methane emissions primarily come from wells, 
pneumatic controllers, compressors, and fugitive emissions. 
In liquid petroleum systems, methane emissions primarily 
come from equipment leaks, pneumatic controllers, and 
tank venting. Table 2 show^s natural gas and liquid petroleum 
methane emissions in Bcf and identifies the applicable 
methane control technologies covered in this report. 

A detailed breakdown of the methane emissions friim both 
natural gas and liquid petroleum systems by source is shown 
in Appendix C. 
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FMjtiic H Niiiutrtl (ills System Methane Emission Sources 


OthGf Sources 12% 


9% Wei! Compietions 
and Workovers 


Pneumatic 11% 
ControHers 


Note: 2(10S total smissicns 715 Bcf 


Fugitive Emissions 15% 
Tank Venting 1% 
Pipeline Emissions 3% 


11% Recifrocating ComfWBSSOfs 


33%Weii Cleanups 
(Low pressure gas welis) 


1% Dehydrator Vents 


4% Centrifugal 
Compressors Wet Seals 


Figui e 7 Liquid Petroleum System Methane Emission Sources 



Note: 2009 total etni,Mtoi«76Bcf 

Soiifce; U S, SPAZOH Si'Benhovs 06 aslmntotY 


PAGE 10 } Leaking rVoBts 



90 


Table 2- *1 
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Other Sources 
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Source: U.S. Environmental Protection Agency Inventcry oJ U.S. GieeiAouse Gas Emssicr« and Sinte' 1990-2009. 
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2.3 UNCERTAINTY IH EMISSION ESTIMATES 

The EPA has been tracking methane emissions since 
1990. For more than 20 years, significant uncertainty 
has accompanied estimates of emissions from the O&G 
industry, with a general theme of underestimation. Some 
emissions have been underestimated by and for the O&G 
industry because sources have not been metered or tested 
to accurately determine the emission rate. Srnai! emission 
sources that may result in cumulatively large emission totals 
have escaped emission monitoring or reporting, and not all 
emission sources are accounted for. 

Evidence for underestimation due to uncertainty is found 
in the 2010 Greenhouse G(is Inuenhyry, which states that 
“(ntaturai gas well venting due to unconventional well 
completions and workovers, as well as conventional gas well 
blowdowns to unload liquids have already been identified as 
sources for which Natural Gas STAR reported reductions are 
significantly larger than the estimated inventory’ emissions."^® 
Historically, the Cireenhoiise Ga-v/nyento/y was based on an 
emissicm factor of approximately 3,000 standard cubic feet 
(3 Mcf) per gas well drilled and completed.’® Yet Natural Gas 
STAR program partner experience shows several cases where 
emission factors were thousands of times higher: 
m BP employed green completions at 106 wells and 
reported 3.300 Mcf of gas recovered per welP' 

® Devon Barnett Shale employed green completions at 
1,798 welts between 2005 and 2008 and reported 6,300 
Mcf of gas recovery per well’® 

«« Williams employed green completions at 1,064 wells 
in the Piceance Basin and reported 23,000 Mcf of gas 
recovered per well'*’ 

All of these examples show gas recovery estimates more than 
1,000 times higher than the 3 Mcf of gas per well estimated 
in the 2008 Greenhouse Gas Inventory?^ Clearly, errors in 
emission Inventory e.stimatlons have occurred. 

cor.-ptefioH amission estimdtes were 
underestmiated by uctor of 1.000 

The source of much of this uncertainty regarding well venting 
is the HPA’s historic reliance on a 1997 study Jointly funded 
with the Gas Research Institute (GHl) to quantity methane 
emissions from United States natural gas operations.^’ The 
study concluded that methane emitted (leaked and vented) 
from natural gas facilities at an amount of 1 .4 percent +/- 0..5 
percent {approximately 1 to 2 percent) of gross natural gas 
production, and that additional emission controls could 
significantly reduce the amount of methane gas leaked and 
vented to atmo.sphere. 

However, the study did not include important equipment 
leaks and venting that took place at the wellhead or at the 
well pad processing facilities in natural gas systems. 

The largest change in methane emission estimates has 
been in accounting for wellhead and well pad processing 
facilities emissions that were substantially underastimated. 


Since 1990, the EPA has more than doubled its methane 
emission estimate for natural gas systems fi'om 220 Bcf to 
464 Bcf. For many years the EPA quoted a 300 to 400 Bcf/ 
year methane emission estimate for the entire O&G industry, 
yet now the EPA reports a 322 to 464 Bcf range for natural 
gas production alone (Figure 8). While some of the methane 
emission increase is attributed to gr(3Wth in natural gas 
production, most of the increase represents continuous 
Improvement in and revisions to the HPA’s emission estimates 
as it furthers its understanding ofraethane emissions 
sources from the O&G industry. For instance, in past years 
emissions arising from poor connections from the wellhead 
to processing equipmerU to transmission equipment were 
overlooked. Low emissions from the distidbution stage as a 
result of low-leakage welded joints may have contributed to a 
misconception that equipment upstream of the distribution 
stage was also similarly leak-free. 

In 2010, the EPA undertook, to develop a set of greenhouse 
gas reporting requirements for the O&G industry as part 
of a general charge frtjin Congress to develop greenhouse 
gas reporting rules for all U.S. industries. The EPA assessed 
uncertainty in O&G emission estimates during this 
undertaking. The EPA explained the historic undei e,sttmation 
ofnatural gas systems, critiquing the “outdated and 
potentially understated” entissions estimates from the 
1997 report.^ The EPA cited several significant sources of 
underestimated emissions: 

Tfte following emissions sources are believed to be 
significantly underestimated in the United States 
GHG Inventory: well ventingfor liquids unloading; 
gas tvell venting during well completions; gas 
well venting during well workovers; crude oil and 
condensate storage tanks; centrifugal compressor 
wet seal degassing ven ting; and flaring. 

In its 201 1 Greenhouse Gas Inventory, the EPA raised its gross 
emissions estimate to 791 Bcf/year by adding the amount 
of gas that may be vented at the wellhead to the amount of 
gas that leaks from the processing equipment and pipeline 
infrastructure once the gas enters the system. 

According to the EPA’s O&G Reporting Rule Technical 
Support Document, the emissions e-stlmates for these sources 
“do not correctly reflect the operational practices of today." In 
fact, the EPA believes that “emissions from some sources may 
be much higirer than currently reported in tlie United States 
GHG Inventory."^’ 

The EPA revised emissions factors for four of these 
underestimated sources. Revised emls.sions estimates range 
from 1 1 times higher for well venting from liquids unloading, 
to 36 times higher for gas well venting from conventional 
well completions, to 3,540 and 8,800 times higher for gas 
well venting during well workovers and completions of 
unconventional wells, respectively.^’ Even with tlie EPAs 
revisions to the O&G Reporting Rule, uncertainty continues 
to exist in the estimates of emissions from gas well 
completions and well workovers. As the EPA noted in the 
preamble to its proposed reporting rule: 


PAGE 12 I Lsaki?>g Profits 



92 
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"[NJo body of data has been identified that can he 
summarized into generally applicable emissions 
factors to characterize emissionsfrom these sources 
[(i.e.,frorn well completion venting and well 
workover venting)} in each unique field. In fact, the 
emissions factor being used in the 2008 U.S. OHC 
Inventory is believed to significantly underestimate 
emissions based on industry experience as included 
in the EPA Natural Gas STAR Program publicly 
available information (http://www.epa.gov/ 
gasstar/). In addition, the 2008 U.S. GHGInventory 
emissions factor was developed prior to the boom 
in unconventional well drilling (1992) and in the 
alisence of any field data and does not capture the 
diversity ofu>ell completion and workover operations 
or the variance in emissions that can he expected from 
different hydrocarbon reservoirs in the country."^^ 

The EPA continues to report substantial uncertainty in Its 
overtill greenhouse gas emission estimates in its ongoing 
work on the Greenhouse Gas Inventor)/, with uncertainty’ 
particularly evident for natural gas systems. In its 201 1 
Greenhouse Gas Inventory, the HPA used an average emission 
factor of 7,700 Mcf per well completion — much higher 
than its previous emissions factor of 3,000 Mcf per well 
completion— more than doubling the amount of emissions 
expected from the increasing number of unconventional 
well completions (e.g. horizontal and shale gas wells). 
Furthermore, the EPA did not include emissions from 
completions for tight gas wells in the 2011 Greenhouse Gas 
Inventory, which, as the EPA noted pre\'iously in its 08fG 
Reporting Rule Technical Support IDc^cument, is a "significant 
underestimate" of total emlssions.^’ The HPA also reported 
zero emissions from well completions in tlie Northeast 


region, which Is the location of extensive shale gas drilling 
and well completions in the Marcellus Shale. 

Emissions estimates will likely continue to evolve and 
Improve as the EPA obtains additional information from 
the OtSfG industry, including information submitted under 
its mandatory reporting rule. As witli past inventories, it is 
expected that both emissions factors and activity factors will 
cf)ntinue to be updated. If past trends hold, these factors 
are likely U) be revised upwarrl as a result of both better 
understanding of emissions associated with each process, 
and the aggressive pace of drilling and development across 
the country. However, emissions estimates for an individual 
source may also be revised downward as the EPA obtains 
better information about the type and amount of control 
technology in use. 

Incidentally, the United States is not the only country that 
has struggled with estimating the O&G industry’s greenhouse 
gas emissions. Canada reports that its natural gas processing 
plants also discovered that methane emissions were roughly 
an order of magnitude higher than estimated.^® 

Despite all the uncertainty about the precise amount of 
methane emissions, we do know that there is a significant 
amount of methane that is leaking or being vented into the 
atmosphere that could be captured and sold or used as fuel. 

2,4 VOLUMTABY CGSMTHOL 
wrm EPA iMATUHAL GAS STAB 

For a number of years, the EPA lias coordinated the Natural 
Gas STAR Program, which describes itself as a "flexible, 
voluntary partnership that encourages oil and natural gas 
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companies — both domesticaiJy and abroad — to adopt cost- 
effective techrrologies and practices that improve operational 
efficiency and reduce emissions of methane, a potent 
greenhouse gas and an important transitional energy source.”^ 

To its credit, tlie EPA actively encourages O&G operators to 
invest in methane reduction technology through its Natural 
Gas STAR Program. Those members of the O&G industry that 
have recognized the adverse economic and environmental 
implications of methane emissions, and have voluntarily 
invested in greenhouse gas emission reduction technology at 
their facilities, also deserve credit. 

While the Natural (tBs STAR Program has been successftil 
in identifying and documenting profitable methane emission 
reduction opportunities that aid in methane capture and in 
bringing captured methane into the revenue stream, to date 
the progtcim remains voluntary and participation is limited. 

Cornpiinies that participate in Natural Gas STAR sign a 
Memorandum of Understanding with the EPA, then evaluate 
and implement identified methane emission retluction 
opportunities. Companies can participate at any level they 
choose, from company-wide to site-specific to small pilot 
projects.^'' There is no mandatory requirement to identify or 
implement all methane reduction opportunities. 

The extent to which enrolled companies participate 
is difficult to confirm. Natural Gas STAR publishes a list 
of participating companies, but all reports on the actual 
locations of emission control implementation, which 
methane control measures have been implemented by 
each company, and the emission reductions achieved, are 
confidential. 

Despite these demonstrated solutions for capturing 
methane, many companies still have not participated in 
the Natural Gas STAR Program at all, and others have only 
implemented a few methane control measures.®’ Effective as 
the EPA’s Natural Gas STAR efforts have been, v-ast quantities 
of methane continue to leak into the atmosphere. It is 
therefore clear that voluntary measures alone will not ensure 
that industry installs even profitable capture technologies. 


2.5 PROPOSED EPA RULES 
NOT STRONG ENOUGH 

On August 23*^' 2011, the EPA published proposed regulations 
for a suite of technologies to reduce bamiflil air pollution from 
the oil and natural gas industry.^ The rules are to be finalized 
by April 2012, after an opportunity for public comment. 


The proposed EPA rules include NSPS for source categories 
asweJl as air toxics standards, or NESHAPs. in particular, the 
EPA K proposing stringent new NSPS for controls for VOCs 
from the oil and gas sector, which will also capture significant 
amounts of methane (referred to as “co-benefits" of the 
regulation). 

The EPA estimates that the proposed NSPS for VOCs would 
reduce 540,000 tons of VOCs, an industry-wide reduction of 
25 percent. The air toxics standards would reduce air toxics 
emissions by 30,000 tons, an overall reduction of nearly 30 
percent.®® The EPA estimates that the proposed standards 
would also reduce about 3.4 miliion tons per year of methane. 
This equates to roughly 160 Bcf/year. As an interim measure, 
the EPA quantified the global social benefits of these methane 
reductions In mitigating climate change at up to $4.7 
billion in 2015 co-benefits. For reasons set forth in NRDC's 
comments to the EPA on the proposed NSPS, we believe even 
this figure is a substantial underestimation. 

Finally, the emissions baseline used in the EPA's proposed 
NSPS differs somewhat from the 79 1 Bcf/year gross 
emissions baseline in this report derived from the EPA's 2011 
Greenhouse Gas Inventory. The differences reflect, among 
other things, the evolving nature of the emissions inventory. 
However, the differences do not meaningfully alter the 
analysis and recommendations made in this report. 

The EPAs proposed standards do not control methane 
directly or cover existing sources, which account for the 
bulk ofVOC and methane emissions. Further, the EPA omits 
other significant sources of VOCs and methane, in part due 
to exclusion of tliese .sources altogether and in part because 
methane is not directly regulated. These omissions contrast 
with areas where the NSPS would in fact more effectively 
control emissions, such as from well completions and 
recompletions, and new sources of emission from pneumatic 
controllers, compressors, and equipment leaks. 

This report does not provide a comprehensive as.sessment 
of the proposed NSPS, but the control technologies cie.scribed 
here can serve as a guide to the EPA and the .states in their 
control efforts. 

Methane emissions reductions should be a high priority, 
as they provide economic, health, safety, and environmental 
benefits for both operators and the public. Existing market 
forces, government regulations, and voluntary programs are 
only leading to the capture of a small percentage of methane 
emis.sions at present. The EPA’s proposed NSPS Is a step in the 
right direction. 
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3.1 PROFITABILITY 

Profitable emission control opportunity, for purposes of this 
report, means an investment in methane emission control 
technoiog)'' that results in more revenue generated or costs 
offset than the cost to install, operate, and maintain the 
emission control technology. I'o assist in identification of 
such opportunities, this analysis used the following criteria: 

1. C'ontrol technology that either allows methane to be 
captured and placed into a natural gas pipeline for sale, 
or captured and used as fuel to offset operating cost 

2. Technolog}'^ that is commerciiilly available, meaning 
that it has been developed, tested, and is available in the 
market for purchase and installation 

3. Technology that has been used successfully in actual 
O&G operations 

4. Emission control solutions that are well documented and 
reported by the O&G industry as profitable 

The analysis recognizes that some emission reduction 
measures can be implemented quickly, while others 
may require more extensive planning, procurement, and 
execution timing. 

Most of the emission control technologies described in 
this report have a very short payout period of a few months 
or years. The term "payout” means the period of time 
that it takes for the net cash flow' to equal the investment 
expenditure, at which point the investment breaks even and 
starts to generate positive cash flow, as shown in Figure 9.^ 
The revenue stream is calculated using constant dollars over 
the payout perlod.^^ 


3„2 EXAMINATION OF METHANE 
COIMTBOL OPTiOIMS 

Each of the 10 methane control options examined in this 
report is considered with a six-part analysis. 

1. Technology Description. The technology de.scription 
section identities the equipment required and processes 
used in each control technology to capture methane 
emissions. 

2. Opportunity. The opportunity section identifies the gross 
amount of methane emissions in the 201 1 Greenhouse 
Gas Inventoryth^t could be captured by each control 
technology for its as.sociated leakage source. 

This estimate of potential emissions reductions 
assumes nearly complete technical feasibility for 
all sources in a category, and sufficient time for the 
deployment of these technologies industry-wide. A 
detailed analysis of the technical feasibility of technology 
deployment is beyond the scope of this report. As 
such, the per-unit emission estimates provided in the 
opportunity section of The report are intended to provide 
an average emission control number, to use as a starting 
basis in a feasibility assessment. Individual consideration 
may be appropriate based on unique or exceptional 
circumstances at each site. 



3. EPA Proposed Regulations. This section analyzes the 
proposed regulations from the EPAlliat are relevant 
to emissions from each source. It also discusses the 
emission reductions anticipated from the proposed EPA 
regulations, and concludes with a description of possible 
shortcomings of and improvements to the EPA proposal. 

4. Profit. The profit section analyzes the costs of 
implementing each technology, along with any 
associated operational savings and revenues from 
methane sales. The revenues are calculated by 
multiplying the amount of methane controlled by a price 
of$4/Mcf.The report does not attempt to quantify the 
additional financial benefits from offsetting fuel costs. 
Gomparing the costs with the savings and additional 
revenues provides the profit. The average payout period 
is also calculated using these numbers. The cost data are 
intended to provide an average cost to use as a starting 
basis in a feasibility assessment. Again, individual 
consideration maybe appropriate based on the 
particulars of a given application. 

The proposed EPA regulations provide some 
estimates of the profitability of the various control 
technologies. However, in The supporting documentation 
for the proposed rulemaking, the EPA was not transparent 
enough about its methodology for cost-benefit estimates.^'* 
As a result, we were unable to Independently verify 
sources and incorporate them into profitability estimates. 
Instead, we have relied on estimates from prior EPA and 
company reports. For the sake of completeness, in the 
appendix we provide tables of profitability estimates by 
control technology from this report, and compare them 
with the EPA estimates from the proposed rulemaking 
supporting documentation. In general, the EPA's 
proposed rulemaking estimates are somewhat more 
conservative than NRDG estimates. A more detailed 
analysis of NRDC's profitability comparisons can be 
found in the EPA’s rulemaking docket.^- 
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Additional Benefits. Beyond generating revenue, 
the additionai benefits of methane capture for each 
technology are highlighted in this section. 

Limitations and Evaluation. Ail emissioti control 
options have some technological (and, potentially, 
economic) limitations, and where those are known, 
tiiey are summarized in this section for use as a starting 
point in a feasibility assessment. In some cases, a certain 
emission control technology may not he suitable because 
it cannot handle a gas flow rate, temperature, or pressure. 
In other cases, the technology may not be appropriate 
for a retrofit, but would be a logical choice for designing 
and installing a new unit. This section includes flow 
charts to depict the basic decision steps of a feasibility 
analysis. The flow charts are intended to be simplistic 
outlines of the steps that might be taken to determine 
the feasibility of using a particular emission control 
method. This simplified approach is not intended to 


replace any company-specific evaluation processes, but 
rather to provide a basic outline of the evaluation steps 
in laymen's terms. 

3.3. fvlETHAPJE ElVIlSSIOri REPOBTIf^G UI^ITS 

While greenhouse gas emission estimates are often reported 
in terms of million metric tons of carbon dioxide equivalent 
(MMttllOje), all metliane emission and methane control 
estimates in this report are shown in terms of standard cubic 
feet, and most often reported in billions of standard cubic, 
feet (Bcf). The report uses this emission reporting convention 
becaiKe gas is sold and used on a basis of standard cubic feet, 
and this unit can readily be converted to a profit estimate 
using a market price assumption of four dollars per thousand 
standard cubic feet (.^4/Mcf). This reporting convention 
prevents the reader from having to routinely convert from 
MMtOO^e to Bcf. 
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tOFITABLE TECHMOLOGtES: AN ANA; 


' i" . on pctentis' jsps berietits, c'lu eoononiics .)t eatiioT tl,j u «T'*no'o o 

' '■I •- e discussta 'n greeTe' ce-a*! n frs '■I'tpfe' '\'ti 'e ” anv oKi'i ' alii aMpto- i 

i' f \'b > ery sncit awte nianvoce'atc s St !' beoe ngt iOS.a''ea u'" “ " Ov to 

trsiL’d If c a '-d a - ootroi D'ternia. to gteerhcuse gas etniss'cns hrROC ^'so Ciooo'ss ao'ico 
opiums to epc.jdrs'j’ toe ose ot these tecbnoicgies 



Green Comiilehons 

$8,700 to $33,000 per well 

7.000 to 23,000 Mcf/well 

$28,000 to $05,000 per well 

<05-1 year 

Plunger lift Systems 

$2,600 to $13,000 per well . : 

: .6(K)to18,250.Mcf/y8ar . . 

$2,000 to $1 03;000 per year : ; 

< 1 year 

TEG Dehydrator Emission 
Controls 

Up to $13,000 for 4 controls 

3,60ato35,000Mcf/year 

$14 000 to $t38 000 per year 

<0,5 years 

De^ccant Dehydrators 

, $16i000 per device : 

. :1,(M)iMcf/ye3r : 

$6,000 per year 

<3 years 

Dry Seal Systems 

' $90)000 to $324,000 per device 

18.00Ottl0aO0OMcf/ye3F - 

$280,000 to $520,000 seryear 

0 5-15years 

Improved Compressor 
Maintenance 

$l;200.to $1,600 per rod packing 

. 850 Mef/year per rod packing:. 

$3,500 per year 

0 Syeais 

PneumatieControllers 

Low-Blood 

$175 to $350 per device 


$500 to $1 ,9C0 pe- year 

<05-1 year 

PneumatieControllers 

No-Bleed 

$10,000 to $60, DOOperdevice.;.^^ 

5.400 to 20.0IX) Mcf/year 

$14,000 to $62 000 per year 

<2 years 

Pipeline Maiiitenanco 
and Repair 

Varieswidely ■ - -..-.-o./A- 

•s.^^ries-wT^'b^llSnificant 

Vanes widelv b*/ signif-cant 

<lyear 

Vapor Recovery Units 

■: $36i000:to $104,000^ per device 

• 5;000 to91-,000 Mcf/year. • i . 

$4,000 to. $348, 000:per year: . 

05-3years 

Leak Monitoring and Repair 

$26,000 to $59,000 per facility.-, : 

31X000 to 87.^ Mcf/year 

$117.000tGS3'.40CCper 
facility t»ryear 

<05 years 


Note: Prcft includes leuenue from deplcymentof technology plus enyOSiM savings or costs, but excludes de|Hec)at)cn.AdditiGnal details provtded in Appendix A. 
Souice: NRDC analysis of available industiy infoimaticn. individual technclcgv mfcrmaticn sources cited m Chapter 4. 


4.1 GBE¥M COMPLEIIOMS 

Methane gas is often released into the atmosphere 
when natural ga.s or oil wells are drilled, stimulated (e.g. 
hydraulically fractured), or repaired. Green completions 
can be used to capture methane gas and gas liquids 
(condensate).^'* Rather than being vented or flared into the 
atmosphere, methane captured in a green completion can be 
sold, used as fuel, or re-injected to improve well performance. 
Green completions also capture gas liquids that can be sold. 


This technology is also called reduced emission completionvS, 
or REG, but throughout this report we use the term “green 
completions.” 

When a well is drilled and completed, stimulated, or 
repaired, it is standard procedure to flow the well for 
a period of time to remove stimulation materials and 
other debris from the wellbore. This procedure is called 
"wellbore cleanup” and occurs before connecting the well to 
permanent processing equipment. Wellbore cleanup allows 
the operator to remove and dispose of unwanted material 
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without contaminating production facilities and pipelines. 

It also improves well recovery rates by reducing wellbore 
formation damage downhole. Historically, welts were 
"cleaned up" by flowing liquid hydrocarbons to an open pit or 
tcUik, and by routing the associated methane gas to a ga.s vent 
or flare (Figure 10). 

Venting gas near well operations creates potentially 
explosive vapor levels and can pose a humaiv health hazard. 
Flaring resolves much of the explosive vapor problem by 
routing gas away from the well operatit>ns to a flare stack 
that burns the gas at a distance from tlie well and associated 
facilities, but flaring creates economic waste by combusting 
gas that could otherwise be collected and sold. Flaring also 
varies in efficiency, so not all pollutants may be combusted, 
and also generates air, light, and noise pollution. 


4.1.1 Tecimoiogy Deserlptioii 

In a green completion, the operator brings temporary 
processing equipment to a well site during wellbore cleanup. 
Well cleanup fluids and gases are routed to the temporary 
processing equiptnent. Fluids, debris, and gas are separated, 
and gas and condensate are recovered for sale. The temporary 
processing equipment required for a green completion 
typically includes gas-liquid-sand separator traps, portable 
separators, portable gas dehydration units, additional tanks, 
and, sometimes, small compressors. A simplified schematic 
showing the equipment required for a green completion is 
shown in Figure 11. 

Green completion processing equipment, which pmvides 
temporary gas processing capability, is typically mounted 
on a truck or trailer to move it from well to well (Figure 12). 
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Portable ^reen completion units are either owned by the 
operator or rented from a service provider. For new wells, 
equipment tnay tteed to be brougtit to the well site to provide 
temporary gas processing capability. However, at existing 
well sites, where wells have already been drilled but may 
need to be repaired or stimulated to improve liydrocarlviit 
production rates, gas processing equipment may already be 
available onsite. 

While the processing equipment is portable, some 
perman ent facility infrastructure must be in place at the 
well site to make a green completion pos.sible. Gas collected 
from a green completion can be used in several ways. It can 
be sold in a pipeline, used as fuel at the well site, or used as 
gas lift to enhance hydrocarbon production in low pressure 
wells. Each of these uses requires piping inlrastructure to be 
in place at the well site to route the gas to the appropriate 
destination. Therefore, a green completion is typically not an 
option for ex])lorati()n wells with no offeer wells or pipeline 
infrastructure nearby. 


^FA that an average ofS,200 

ne per gre&n compietion 


Typically, gas produced from a well contains liquid (“wet 
gas") that exceeds tbe acceptable moisture content allowed 
in a gas sales pipeline. Depending on the gas composition, 
hydrocarbons may also condense from a gas to a liquid 
under certain temperature and pre,ssure conditions. The 
pressure drop from the wellhead through the gas proce,s.smg 
equipment can also yield gas-liquids (condensate) that 
can be captured and sold. Therefore, in most case.s, before 


gas from a green completion can be routed to a gas sales 
pipeline, it must be dehydrated to remove liquids to meet 
the gas pipeline specifications. Gas dehydration can be 
accomplished by bringing in a portable gas dehydration unit, 
or usii^ a permanent gas dehydrator installed upstream 
ofa gas pipeline. Condensate can either be collected in a 
temporary stock tank, or routed to a permanent stock tank if 
one is located on site. 


4.1,2 Opportunity 

Reduction Target PS >ict f\i ' . 
of 237 Bcf/ysar 

The 2011 Greenhouse Gas f/ii-’cnfcry estimates that 
well completions, workovers, and well cleanups emit 
approidmately 305 bcf of methane annually, 43 percent 
of total natural gas systems methane emissions.^ Of this 
amount, well completions and workovers contributed about 
68 Bcf/year, and well cleanups contributed about 237 Ref/ 
year, as shown in Table 2. Green completions may be used 
to control a signiticant fraction of emissions from well 
completions and workovers. Green completions can also be 
used to control a portion of the emissions from well cleanups, 
also known as liquids unloading. 

There remains considerable uncertainty in wellhead 
emissions. In the decade prior to the 201 1 Greenhouse 
(jUs Inventory, the HPA revi.sed its well emission e.stimates 
upward several times, and it reports continued uncertainty 
in the 201 1 inventory estimates. It is likely that well methane 
emissions are still underestimated. 

Green enmpietions aione} e'mhh' 
t/w United States to achho'e mote 
30 percent of its O&G indaslry 
reduction opportunity 

In 2005, the EPA estimated that an average of 7,000 Mcf of 
natural gas can be recovered during each green completion.'"^ 
In 2011, the EPA increased its reduction estimate to 8,200 
Mcf per green completion.^^ As part of its analyses relating 
to SubpartW of the Greenhouse Ga,s Reporting Rule, The HPA 
calculated tlie average emissions reduction to be 9,175 Mcf 
per green completion.^ In a 2011 Lessons learned repoU, the 
HPA estimated that an average of 10,800 Mcf could be saved 
per green completion.''^ 

The EPA ha.s found that green completions can be a major 
contributor to methane reductions on a national scale. 

In 2008, the EPA’s Natural Gas STAR Program attributed 
50 percent of the program’s total reductions for The O&G 
production sector tt> green completions.'''* Gonsidering 
the promising technical and economic feasibility of green 
completions, a very large fraction oftbe emissions from 
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weii completions and workovers, and a portion of the 
emissions from well cleamips, could be captured using green 
completions. 

The commercial viability of green completion equipment 
has been so well demonstrated that it is now required in 
several states: 

s Colorado requires green completions on all oil and 
gas wells unless it is not technically and economically 
feasible."’-'^ 

is Fort Worth, Texas requires green completions for all 
wells that have a sales line nearby, and for welLs that are 
shut-in while gas is conserved, unless the operator can 
show that this requirement would endanger the safety of 
personnel or the public.* 

« Montana requires VOC vapors (including methane) 
greater than 500 British Thermal Units (IFfUs) per cubic 
foot from wellhead equipment with the potential to 
emit 15 tons per year or greater, to be routed to a control 
device (suclr as a flare), or to a pipeline for sale.^^ 

,« Wyoming has required green completions in the Jonah- 
Pinedale Anticline Development Area (JPAD) since 2007. 
More recently, WVoming has expanded this requirement 
to ail Concentrated Development Areas of oil and gas in 
the state.'’** 

Such rules mandating green completions are an excellent 
method to help reduce emissions of greenhouse gases and 
toxic air pollutants, and exceptions written into these rules 
allowing operattirs not to use green completion technology 
should be very narrow, limited to only when it is proven to be 
unsafe or technically infeasible. 

The API reports that there are only 300 green completion 
units In operation in the United States with the ability to 
complete 4,000 wells per year.'*®This corroborates the upper 
end of the EPA’s estimate that the U.S. O&G industry has a 
capacity to implement approximately 3,000 to 4,000 green 
completions per year.® 

While some operators report use of green completions at 
a portion of their operations in the United States, it is clear 
that opportunities abound for much wider deployment of 
green completions to reduce methane emissions. The API 
estimates that only 20 percent of U.S. gas well emissions are 
currently being captured by green completions and that an 
additional 16,000 wells per year could be processed if there 
were sufficient green completion equipment capacity. 

4.1.3 Proposed EPA Regulations 

The EPA is proposing to require green completions to 
control emissions from all production wells that undergo a 
hydraulic fracture treatment. The EPA ptopo.ses to exempt 
exploration wells and all other gas wells that are not 
hydraulically fractured. 

Therefore, the EPA expects that more than 95 percent of 
emissions from well completions and workovers would be 
controlled using green completions. NRDC applauds the 
EPA’s proposed regulations For targeting significant emissions 


reductions during well completions and recompletions. Still, 
green completions should be required for all wells where 
technicallyfeasible, including well cleanups and wells that 
are not hydraulically fractured. Such a requirement can be 
expected to lead to the rapid Increase in availability of green 
completion equipment. 

4,1.4 ProffS 

Green completions provitle an immediate revenue sti eam 
by routing to a gas sales line gas (methane and condensates) 
which would otherwise be vented into the atmosphere 
or flared. Alternatively, captured gas can he used for fuel, 
offsetting operating costs or be re-injected to improve 
well performance. Industry has demonstrated that green 
completions are both an environmental best practice and 
profitable. 

For each unconventional gas well green completion, there 
is an opportunity to generate about $26,000 to $90,000 in 
profit, based on capture rates of 7, 000 to 23,000 Mcfper well, 
as shown in additional detail in Appendix A, Table A1 . The 
EPA currently estimates the cost of implementing a green 
completion as high as $33,000 (for rented equipraent).^''’*'^ 
Based on these and other estimates, green completions 
nsing rented equipment will typically pay out immediately 
while those with purchased equipment will pay out within 
a year.” NRDC recognizes wells currently chosen for green 
completions are likely to be more productive and therefore 
profitable than average wells going forward. 

Operators with a sufficient number of wells to amortize the 
cost of the equipment are finding it economically attractive 
to invest in their own green completion technology rather 
than to rent equipment. Most companies that have gone 
this route report a one- to- twt) year payout for in vestment 
in purchasing green completion equipment, and substantial 
profitability thereafter.®* 

Smaller operators can rent green completion equipment 
from a contractor. Ileitting equipment will result in a lower 
profit margin because There is usually a slightly higher 
operating cost attributed to equipment rental versus 
equipment ownership. Still, the payout for this investment 
would occur quickly if a contractor was hired and the 
operator paid only a per well green completion equipment 
rental charge. As long as the gas captured and sold exceeded 
the equipment rental charge, payout would be immediate. 

In a 2009 study conducted for New York State, ICF 
Incorporated found that equipment payouts maybe as short 
as three months. ICF also found that companies electing to 
conduct green completions in 2005 made more than $65 
million in profits.” 
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ExampJes listed below demonstrate bow profitable green 
completions can be. The data is provided in the form 
reported by each company. However, these examples show 
that green completions are profitable, and generally pay out 
in less than two years: 

In 2004, Devon Energy reported an average incremental 
cost to perform a green completion of $8,700 per well at 
its Texas Fort Worth Basin operations. Devon estimated 
that it made a profit of $50,000 per well by selling the 
captured gas to market and achieved a total emission 
reduction of 6.1 B Bcf at its operations in year 2005. 78 
percent of the methane captured (4.8 Bcf) was attributed 
to green completion methods.^’’ 
ts BP reported an initial investment cost of $1.4 million 
to purchase a portable three-phase separator, sand 
trap, and tanks to conduct green completions. By 2005, 

BP completed 106 wells using this equipment and 
reported an average gas recovery of 0.35 Bcf per year, 
and condensate recovery of 6,700 barrels per year. The 
cotnpany’s investment paid (Jut in less than two years. 
Thereafter, the equipment brought in a profit of at least 
$840,000 per year.'"''* In 2007, BP reported that green 
completions had netted a profit of $3.4 million on an 
investment of $1.2 million, with a payout of 0.7 years, and 
a capture of 130 Mt of methane per we!!.''^ 
m Williams reported $159 million in revenue from green 
completions in its Colorado Piceance Basin Operations 
from 2002 to 2006, on an investment of $1 7 million, for a 
net profit of $142 million.® Williams’ data was based on 
1.177 wells and an average gas recovery of approximately 
91 percent. 

® EnCana Corporation, the largest natural gas producer 
in North America, which produces 1.5 percent of United 
States daily gas needs, reported that green completion 
methods were extremely profitable in the Jonah Field in 
Wyoming, yielding a net present value (NPV) of more 
than $190 million.®’ EnCana’s Initial investment in the 
portable green completion equipment for the Jonah Field 
paid out in the first year. 

8! Anadarko reported an increased operating profit of $10.3 
million per year for the period 2006 to 2008 due to green 
completions on an average of 61 3 wells per year.“ 

4.1.5 Additional Benefits 

Green completions provide a number of additional benefits, 
aside from profitability and methane emission reduction.s. 
Green completioovs: 

m Collect potentially explosive gas vapors, rather than 
venting them into tlie atmosphere (improves well site 
safety, reduces worker exposure to harmful vapors, and 
limits overall corporate liability) 
ss Reduce or eliminate the need for flaring 
M Reduce emissions, noises, odors, and citizen complaints 
associated with venting or flaring 


m Reduce VOCs and HAPs contained in natural gas along 
withmethane. If flared and not captured, VOCs and 
HAPs generate nitrogen oxides (NO.^) and particulate 
matter (PM), contributors to ground-level ozone and 
regional haze 

■ Improve well cleanup and enhance well producthity, as 
wells flow back to portable separation units for longer 
periods than would be allow-ed with direct venting into 
the atmosphere or flaring 

« Reduce the need to drill new wells as more methane is 
kept in the system and brought to market 


4.1,6 Limitations and fcvalyation 

Green completions are most successful and profitable on 
higher pressure wells that have .sufficient gas reservoir 
pressure to both flow into a pressurized gas sales pipeline and 
adequately clean up the wellbore.® 

For lower pressure wells, artificial lift may be required, 
using portable compressors to withdraw gas from a 
pressurized sales gas line. The pressurized gas is then injected 
into the well to unload wellbore liquids and solids (artificial 
lift), and initiate flow. Compressors may also be needed to 
boost the lower pressure gas back into the saie.s line until 
normal reservoir flow and pressure is established.®'* Adding 
compression to the equipment package required for a green 
completion will increase cfjst. 

Recognizing the existence of technical limits, Colorado sets 
boundaries on when green completions should be required: 
“Green completion practices are recftiired on oil 
and gas wells where reservoir pressure, formation 
productivity, and wellbore conditions are likely 
to enable the well to be capable of naturally 
flowing hydrocarbon gas inflammable or greater 
concentrations at a stabilized rate in excess of five 
hundred (500) MCFD to the surface against an 
induced surface backpressure of five hundred (500) 
psigor sales line pressure, lohictiever is greater. Green 
completion practices aie not required for exploratory 
urells, where the wells are not sufficiently proximate 
to sales lines, or where green completion practices are 
otherwise not technically and economically feasible. 

An operator may request a variance from the Director 
if it believes that employing green completion practices 
is tu)t feasible because of well or field conditions or that 
following them in a specific instance would endanger the 
safety of u>e.U site f)ersonnel or the puhlic."^^ 

In the event that Colorado issues a variance from using green 
completion techniques due to technical or safety constraints, 
it still requires the use of Best Management Practice.s to 
minimize the amount of methane emitted: 

“In instances where green completion practices are 
not technically feasible or are not required, operators 
shall employ Best Management Practices to reduce 
emissions. Such BMPs may include measures or 
actions, considering safety, to minimize the time 
fieriod during which gases arc emitted directly to the 
atrruisphere, or monitoring and recording the volume 
and time period of such emissions." 
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Because pipelines are typically not installed at a natural 
gas production site until it is confirmed that an economical 
gas supply is found, gas from the first well is often flared or 
vented during drilling and completion activities. However, 
once a pipeline is installed, subsequent wells drilled 
on that same pad would be in a position to implement 
green completion techniques. Operators often point to 
the lack of pipeline infrastructure as a primary reason a 
green completion may not be possible, in particular at oil 
production facilities that do not have a nearby gas sales 
line. However, there are also alternatives to piping methane, 
such as using it on-site to generate power, re-injecting It to 
improve well performance, or providing it to local residents 
as an affordable power supply. 

Figure 13 provides a simplified flowchart showing the 
basic steps for evaluating whether a green completion is 
technically feasible and profitable. 


4.2 PLlJ^GEe LIFT SYSTEMS 

Older gas w^ells stop flowing when liquids {water and 
condensate) accumulate inside the wellbore. As liquid 
builds up in the wellbore it creates backpressure on the 
hydrocarbon formation, furtlier reducing the gas flow rate. 

Methane gas is emitted when companies open wells to vent 
gas to the atmosphere to unload wellbore liquids (water and 
condensate that accumulate in the bottom of the well) in 
order to resume gas flow, '['he industry typically refers to this 
process as "blowing down the well,” a "well blowdown,” or a 
"well deiiquification.” 

Eventually, even a well's own gas pressure becomes 
insufficient to flow accumulated liquids to the surface and 
the well is either sbut-in as uneconomic, or some fonn of 
artificial lift is installed to transport the liquids to the surface. 


Plunger lift sj^tetns ai‘e one method of lifting accumulated 
liquids in the wellbore to the surface. In this method, 
methane gas can be captured and sold, rather than vented to 
atmosphere as waste. 


4,2-1 Technology Descrlplkni 

Installation of plunger lift systems provides an immediate 
revenue stream by routing methane gas to a gas sales line that 
would otherwise be vented. Industry' has demonstrated that 
plunger lift^ systems are both an environmental best practice 
and profitable when addressing mature gas wells with back 
pre&sure from liquids. 

Accumulation of liquid hydrocarbons and liquids in 
the W'eli tubing of mature gas wells can halt or impede gas 
production. Historically, well operators would vent these 
mature gas wells to atmosphere to aid in expelling the liquids 
from the well tubing. Alternatively, plunger lift systeins can be 
installed in a well to lift the liquids out of the well (Figure 1 4). 

There are a number of deiiquification methods that can be 
used on a mature gas well singly or in combirration, such as 
sucker rod pumps, electric submersible pumps, progressing 
cavity pumps, compression, swabbing, gas lift, and smaller 
diameter tubing (velocity strings), but most of these methods 
requite the addition of energy.^’ The plunger lift system is a 
kw-cost system that uses the well’s own natural energy to 
complete the deiiquification proce.ss. This technology is 
particularly useful at well sites that do not have power. 

Plunger lift systems work by using the natural gas pressure 
that builds up in tlie casing tubing annulus to pu.sh a metal 
plunger up the well tubing, forcing a column of fluid to 
the surface. Gas and liquids are both collected. Liquids are 
separated from the gas. which is then routed to tlie pipeline 
for sale. 


V, . Figure 13: Green Completion Evaluation Flowchart 
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Fifjiiif- 14 PliitKjer Lift System Schematic 



Automated plunger lift systems have the added benefit of 
reducing the number of personnel that would be required to 
manually vent the well and extending the production life of 
the well.'®^ 

One vendor reports that plunger lift systems increase 
overall gas productivity and sales from each well by 10 to 
20 percent,'®'* 


4.2.2 Opportunity 


Hectuction Target: 237 Bcf/ymr Less Green 
Completions Reduction 


Natural gas prod uction is now predominantly occurring in 
unconventional formations; low permeability sands, shale, 
and coal bed methane reservoirs.*® In its comments on the 
EPA's proposed NSPS regulations for plunger lift systems, the 
American Petroleum Institute said: "According to the Energy 
Information Administration...sonie :138,056 (73 percent) wells 
out of a total gas well inventory of 461,388 produce 90 Mcf 
of gas (1 5 BOE or less) or less per day..,These low rate wells 
are either impaired by liquids accumulation or are using a 
deliquiti cation method to produce.”"'* 

Maximizing production from each well drilled can 
minimize the need to drill new wells and therefore reduce 
overall environmental impacts from natural gas production. 
However, low gas rate welts eventually cease production due 
to liquid accumulation in the wellbore and are often shut-in. 


unless a deliquification technique is employed on the well. 

The EPA ^timates that 4,700 to 1 8,250 Mcf/ year of 
methane gas can be recovered per well with plunger lift 
systems.^^^* In 201 i , the EPA estimated that 237 Bcf of 
methane was emitted from well cleanups annually. A large 
fiiaction of these emissions could be controlled using plunger 
lift systems. 

Plunge! lilt systenu .■.!,.•* tor' ■ -. 

■ 


4.2.3 Proposed EPA Regylations 

The EPA’s proposed NSPS regulations would not requij e the 
use of plunger lift systems to address well cleanups. Even if 
plunger lifts are more widely used than previously assumed, 
we strongly recommend that the EPA revise its proposal to 
require plunger lift systems to ensure that such systems are in 
use at all feasible sites. 

NRDC acknowledges that there are many options for well 
deliquification. In any case, there is a methane control target 
(237 Bcf) that should be addre.s.sed by plunger lifts or other 
well deliquification methods that capture methane with 
similar efficiency and effectiveness. NRDC recommends that, 
while operators should have flexibility in selecting among 
the options, the basis for selection should be minimizing 
methane emissions. 


4.2.4 Profit 

Installing a plunger lift system in a gas well involves a small 
irutial investment, estimated by the EPA to he between $2,600 
and $10,400 per well.” Plunger lift system maintenance 
may cost about $1,300 per year, but yields other operational 
savings such as avoided chemical treatment of about $13,200 
per year, resulting in a net savings. 

Each plunger lift installed in an older gas well could 
result in 600 to 18,250 Mcf per year of recovered gas, valued 
at $2,000 to $103,000, when operations and maintenance 
savings are included. The value of methane ga.s recovered and 
sold rapidly covers that initial investment cost, as shown in 
greater detail in Appendix A, Table A2. 

Most companiei report a less than one-year payout and 
substantial profit thereafter, depending on the gas recovery 
rate. Future profits will be offset eventually by declines in 
gas recovery rates, and by minimal additional operating and 
maintenance costs, but since most plunger lift systems pay 
back in less than a year, plunger lift installations typically 
start profitable and remain profitable for many years after the 
initial investment. 

The examples below, reported by industry', illustrate tiie 
profitability of plunger lift systems: 

8 Between 1995 and 1 997. Mobil Oil installed plunger lifts 
in 19 wells at its Big Piney Field in Wyoming, reducing its 
emissions by 12,166 Mcf per year."'' 


PAGE 24 1 Lsaksng Profits 



104 


s; In 2000, BP installed plunger lift systems with automated 
controls on approximately 2,200 wells in the United 
States, and reported a 50 percent redvndion in gas well 
blowdowns for liquid unloading by year 2004/'' By 2006, 
BP reported the installation of “smarter” plunger lift 
automation systems, achieving a $15.5 million per year 
profit on an average annual recovery of 1,424 Mcf of 
methane gas per well.’"’ 

5- In 2000, Conoco reported that installation of plunger lift 
systems in its low-pressure gas wells m Lea County, New 
Mexico reduced operating costs by more than 70 percent.’® 
is In 2006, Amoco reported that it installed plunger lifts 
at a cost of $13,000 per well at its Midland Texas field, 
resulting in electricity, well workover, and chemical 
treatment savings of $24,000 per year per well. In addition 
there w'as a small increase in gas production, which added 
about an additional $79,000 in profit to each well per year, 
for a total benefit of more than $100,000 per well.” 

5!: In 2007, Devon Energy reported a 1.2 Bcf reduction of 
vented methane gas in its operations due to installation 
of plunger lift systems.'® 

m In 2010, the New Mexico Oil and Gas Association 

submitted testimony to the New Mexico Environmental 
Improvement Board confirming that plunger lift systems 
have been technically viable and economically attractive 
in the San Juan Basin.^ 


4.2.5 Additional Benefits 

Automated plunger lift systems continuously optimize gas 
production. Regular tluid removal limits the period.s of time 
that liquid loading “kills" the well and halts gas production. 

The mechanical action oflhepiunger traveling up and 
down the tubing also prevents buildup of scale and paraffin 


in the tubing. Preventing excess scale and paraffin buildup 
reduces the cost of the chemical or mechanical swabbing 
treatments required to remove this buildup, and, in more 
serious cases, tlie cost of w'ell workovers. The HPA reports 
additional savings associated with plunger lift systems 
ranging from $6,600 to $14,500 per well for reduced chemical 
treatment and workover costs.®" 

Gas venting near well operations creates potentially 
explosive vapor levels that can pose a human health hazard. 
Collection of potentially explosive gas vapors, rather than 
venting the gas to atmosphere, improves well site safety, 
reduces worker exposxjre to harmful vapors, and limits overall 
corporate liability. 

Additionally, gas capture and sale reduces emissions, 
noises, odors, and citizen complaints associated with venting. 

Unprocessed natural gas contains VOCs and HAPs, along 
with methane. Therefore, capture of this gas also red uces 
V^OCs and MAI'S pollution. 


4.2.6 Umitations and Evaluatioti 

Plunger lift systems are useful in gas wells that tend to fill 
with liquid, and have sufficient gas volume and pressure to 
power the plunger lift system. Such factors should be taken 
into account in determining applicability. In some cases, 
wells installed with plunger lifts may need to he vented for 
a short period of time to generate the differential pressure 
needed to resume well liquid removal. Even in this case, total 
methane emissions are substantially reduced. Also, a plunger 
cannot be run in a well bore with changing tube sizes, or wells 
with highly deviated directional or horizontal well bores. 

Figure 1 5 provides a simplified evaluation flowchart 
showing the basic steps for evaluating uffietlier a plunger lift 
system will be technically feasible and profitable. 


Figure 15: Phinger Lift System Evaluation Flowchart 

Does liquid loading in the gas well impede thegas flow rate? 
Yes 




Mn jT *' i 

Plunger lift system is r 


Is well, pressure and gas flow rate sufficient to power the plunger lift system? 

i iNo 

eonomics. 

No 


Evaluate overail economics.' 

.vis a plunger lift system profitable? 


Document technical infeasibility 






Document economic infeasibiiit'/ ■ 


Yes 


Install Plunger Lift System 
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4„3 TRi^ETHYLENE GLYCOL DEHYDRATOR 
EW1ISSION C0MTSC4.S 

Glycol deiiydrators are used to remove moisture from natural 
gas to improve gas quality, minimize corrosion in the gas 
sales line, and mitigate gas hydrate fojmation. A numberof 
different glycols can be used in dehydration systems (e.g. 
triethylene glycol (TEG), diethylene glycol (DEG), ethylene 
glycol (MEG), and tetraethyiene glycol (TREG)). TEG is the 
most commonly used glycol in industry.®'TEG dehydrators 
vent methane gas to the atmosphere, hut in many cases 
methane gas can be captured instead. 


4.3.1 Technology Description 
In some cases, if the design criteria can he met, aTEG 
dehydrator can he replaced with a desiccant dehydrator 
(see Section 4.4). However, desiccant dehydrators are 
limited to low gas flow rates — less than 5 MMcfd — and have 
temperature and pressure limitations. Therefore, for higher 
gas flow rates, the best solution is often to retrofit existing 
TEG dehydrators with emission controls, 

A typical glycol dehydration system includes a glycol 
contactor, a glycol exchange pump, a driver t«> run the 
pump, and a glycol regenerator and rehoiler. In some cases, 
a condenser is also installed downstream of tlie glycol 
regenerator. Figure 16 provides a schematic for a typical 
glycol dehydration unit. As shown in the diagram, natural 
gas with moisture content exceeding pipeline specifications 
(“wet gas") enters the glycol dehydration sysStem and 


moisture is removed to achieve pipeline specifications (“dry 
sales gas"). 

Atypical glycol dehydration .system includes the following 
components: 

m Glycol contactor: Wet gas enters the glycol contactor. 
Glycol removes moisture from the gas by the process 
of physical absorjition. Along with removing moisture, 
the glycol also absorbs methane, VDCs, and HAPs. Dry 
gas exits the glycol contactor absorption cojnmn and 
is eitlier routed to a pipeline or a gas plant. The glycol 
contactor unit plays the primary role in dehydrating the 
gas to pipeline specifications, but the rest of the glycol 
dehydration systent is required to convert the now 
moisture rich glycol back into a lean product that can 
be reused to dehydrate more incoming gas. Therefore, 
the next step in the process is to route the moisture rich 
^ycol to regeneratoj- and reboiier units to remove that 
moisture. 

g Glycol regenerator & reboiler: Glycol loaded with 

moisture, methane, VOCs, and HAPs (“rich glycol”) exits 
the bottom of the glycol contactor unit and is routed to 
the glycol regenerator and reboiler units to remove the 
absorbed components and return “lean" glycol back 
to the glycol contactf)r. If emission controls are not 
installed, methane. VOGs, HAPs, and water are boiled 
oflf and vented to atmosphere from the regenerator and 
reboiler units. One way to limit the amount of metliane, 
VOCs, and HAl^ emitted to the atmosphere from the 
regenerator and reboiler units is to install a flash tank 
separator. 


Figure 16 Glycol Dehydratfon Unit Schematic 
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Flash tank separator: Instaliation of a flash lank 
separator between ttie glycol contactor and the giycol 
regenerator/reboiler units creates a pressure drop in the 
system, allowing methane, and some VOCs and HAPs, 
to flash (Jut of or separate from, the glycoi. The amount 
of pressure drop that can be created is a function of the 
fuel gas system pressure or compressor suction pressure 
because the methane gas flashed-oft at the flash tank 
separator is then sent to be used as fuel in the TEG 
reboller or compressor engine. Simply put, the pressure 
can only be dropped to a pressure that still exceeds flie 
fuel gas pressure, allowing the collected methane gas to 
flow into the fuel system. Flash tank separators typically 
recover 90 percent of the methane and approximately 10 
to 40 percent of the total VOCs that would otherwise be 
vented to atmosphere. Methane emissions can also be 
controlled by taking the simple step of adjusting tlie rate 
at which glycol circulates in the system. 

» Glycol recirculation pump: Methane emissions are 
directly proportional to the glycol circulation rate. 
Circulating glycol at a rate that exceeds tiie operational 
need for removing water content from gas unnecessarily 
increases methane emissions. Glycoi circulation rates 
are typically set at the maximum to account for peak 
throughput. Gas pressure and flow rate decline over time, 
requiring the glycol circulation rate to be adjusted to 
meet operational need. Optimizing tlie glycoi circulation 
merely requires an engineering assessment and a 
field operating adjustment. If the glycol dehydration 
unit includes a condenser, methane emissions can be 
collected and used for fuel or destroyed rather than being 
vented to atmosphere. 

M Condensers: Some glycol reboilers have still condensers 
to recover natural gas liquids and reduce VOCs and HAPs 
emissions. However, condensers do not capture methane 
(because it is a non-condensable gas); therefore, the 
addition of a condenser does not reduce methane 
emissions. In these cases, methane gas is typically vented 
to atmosphere. Alternatively, this methane gas (called 
“skimmer gas”) can be routed to the reboiler firebox or 
other low-pressure fuel gas systems.'® 

M Electric pumps or energy-exchange pumps: 

Historically, gas-assisted glycol pumps have been used. 
Where there is an electric supply, the gas-assisted glycol 
pumps can be replaced with an electric pump. Gas- 
assisted pumps are driven by expansion of the high- 
pressure gas entrained in the rich glycol that leaves the 
contactor, supplemented by the addition of untreated 
higb-pressure wet (methane rich) natural gas. TTie 
high-pressure gas drives pneumatic pump.s. Much like 
pneumatically operated valves, pneumatically operated 
pumps vent methane. Electric pumps would reduce 
emissions, since they do not vent methane. 

Regarding electric pumps or energy-exchange pumps, the 

EPA reports: 

"The mechanical design of these pumps places wet, 
high-pressure TEG opposed to dry, low pressure lEG, 


separated only by rubber seals. Worn seals result in 
contamination of the lean (dry) TEG making it less 
efficient in dehydrating the gas, reef airing higher 
glycol ciradation rates. Replacing gas-assisted pumps 
with electric pumps increases system efficiency and 
significantly reduces methane ernissions.'^-^ 

By comparison, electric pumps have lower emissions and no 
pathway for contamination of lean TEG by the rich TEG. 

In summary, there are four straightforward solutions 
readily arailable to control methane emissions fromTHG 
dehydrator units: 

^ Installing a flash tank separator 
g Optimizing the glycol cijculation rate 
m Rerouting the .skimmer gas 

m Installing an electric pump to replace the natural gas 
driven energy' exchange pump 

4.3.2 Opportunity 

Reduction Target S Bet/ year 

The 201 1 Greenhouse Gas Inventory esthnaXes that gas 
dehydration systems emit approximately 8 Bcf of methane 
annually.”^ 

In 2009, the EPA estimated that there were approximately 
36,000 glycol dehydrators in operation in the U.S. natural 
gas sector.*'^ 

While a number of large glycol dehydrators are currently 
required by the EPA to install emission controls under the 
federal Maximum Achievable Control Technology standards 
(MACr standards at 40 CER Part 63, Subpart HH), small 
glycol dehydrators are typically exempt from federal emission 
control requirements. Many small glycol dehydrator units do 
not have flash tank separators, condensers, electric pumps, 
or vapor recovery installed on the glycoi regenerator. 

Many smalt glycol dehydrators operatmg m 
the United States are exempt from 
federal emission control 
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A significant fraction of this B Bcf/year of emissions from this 
source can and should be captured (Table 5). 

Installing Flash Tank Separator: in 2005, the EPA 
estimated that the installation of a flash tank, separator, 
on average, resulted in 10 Mcf/day (3,650 Mcf/year) of 
methane gas captured for use as fuel for each TEG dehydrator 
(typically a 90 percent reduction in methane emissions). 

In 2009, the EPA reported that flash tank separators 
were only installed on 15 percent of the dehydration units 
processing less than 1 MMcfd. 40 percent of units proc^sing 
1 to 5 MMcfd, and between 65 and 70 percent of units 
processing more than 5 MMcfd. (ihevron reported it has 
installed flash tank separators, recovering 98 percent of the 
methane from the glycol and reducing methane emissions 
from 1,450 Mcf/year to 47 Mcf/year.®’ 

Optimizing Glycol Circulation Rate: In 2005, the EPA 
estimated that optimizing the glycol circulation rate could 
result in a wide range of methane capture from 1 to 100 Mcf/ 
day (18,250 Mcf/year using a median estimate of 50 Mcf/day).®® 
Rerouting Glycol Skimmer Gas: In 2005, the FPA estimated 
that rerouting glycol skimmer gas could result in an average 
methane capture of 2 1 Mcf/day (7,665 Mcf/year).®® 

Installing Electric Pump: In 2007, the EPA estimated that 
between 360 jind 36,000 Mcf/year in methane emission 
reductions could he achieved by installing an electric pump 
to replace the natural gas-driven glycol energy exchange 
pump. The wide range in methane emission reductions is a 
function of the large variation in equipment sizes. In Table 5 
we use the number 5,000 Mcf/year per electric pump.®® 

In 2007, the EPA determined that the total potential 
emission reducti<.)ris at any given glyc<tl dehydration unit Is 
a function of how many of these emission control solutions 


are installed, and estimated that the total reduction potential 
may range from 3,600 to 35,000 Mcf/year, or $14,600 to 
$138,000 of annual revenue. The 201 1 Greenhouse Gas 
InvenUiry estimates the upper range of emissions at 38,000 
Mcf/year.®‘ 


4.3.3 Proposed EPA Re-gylatioos 

The EPAs proposed air toxics standards would cover new 
and existing small dehydrators located at major sources (.)f 
HAPs.®® The EPA classifies small dehydrators as units with 
an annual average gas flow rate less than 3 million Mcf/day 
at production sites, or 9.93 million Mcf/day at natural gas 
transmission and storage sires, or actual average benzene 
emissions less than 0.9 Mg/year. 

4.3.4 Profit 

The EPA estimates tliat it costs on average; 
s $5,000 to install a flash tank separator 
« Less than $ 1 00 to adjust the glycol circulation rate 
B $1,000 per unit to reroute glycol skimmer gas, with $100 
per year of operating and maintenance costs®® 
s $1,400 to $1 3,000 to install an electric purap®"* 

These technologies can be installed singly or in combination. 
Each unit, if equipped with the above technology, would 
capture approximately 3,600 to 3.5,000 Mcf per unit, per year. 
This translates to profits of between $14,000 and $138,000 per 
unit per year, as shown in greater detail in Appendix A Table 
A3. This technology has a payback period of less than a year, 
and can generate significant profits each year thereafter. 


Fiqure 


17: TEG Dehydrator Ennission Control Evaluation Flowchart 
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4-3-5 Aelciiliofiai Befiefits 

One of the most Important benefits of TKG dehydrator 
emission controls is the opportunity to reduce the amount 
of HAfti emitted to the atmosphere, especially benzene, a 
known human carcinogen. Alongwith methanegas, TEG 
dehydrators vent VOCs and HAPs to the atmosphere. In 
some cases, glycol dehydrators have still condensers and 
condensate separators to recover natural gas liquids and 
reduce VOCs and HAPs. But, if these units are not ir^talled, 
VOC and HAP components (including benzene) are vented 
into the atmosphere.-'^ 

The installation of a flash tank separator reduces VOC 
and HAP emissions, improving air quality. The installation 
of a flash tank separator also improves the efficiency of 
downstream components (e.g. condensers) and reduces 
fuel costs by pT<,)viding a fuel source tf) the TEG reboiler or 
compressor engine.* 


4.3-6 Limitations and EvaUiation 

The option to reroute the skimmer gas can be employed 
only on dehydrators where a still condenser is installed. The 
following factors should be evaluated in assessing feasibility 
of installing an electric pump to replace the natural gas 
driven glycol energy exchange pump, as electricity may not 
be available at a remote well site: (I) tlie local electric grid’s 
potential to make electric power available to a well site, (2) 
the potential to self-generate electricity on site using waste gas 
that might otherwise be vented or flared, or (3) av-ailability of 
solar power. 

Figure 17 provides a simplified evaluation flowchart 
showing the basic steps for evaluating whether TEG 
dehydrator emission controls are appropriate. 

44 DES8CCAWT DEHYDRATORS 

De.siccant dehydrators can be used as alternatives to glycol 
dehydrators to remrwe moisture from natural gas to improve 
ga.s quality, minimize corrosion in the gas sales line, and 
mitigate gas hydrate formation. Desiccant dehydrators 
do not emit significant quantities of methane gas into the 
atmosphere, and reduce emissions by up to 99 percent. 

4.4.1 Technology Description 

Desiccant dehydrators dry gas by passing the gas through a 
bed of sacrificial hygroscopic salt (The desiccant).®’ The salt 
type — typically calcium chloride (CaCl.) or lithium chloride 
(LiCI)— is selected based on gas Temperature and pressure 
and to match the gas operating conditions, as shown in 
Figure IB. Unlike a traditional glycol dehydrator, there are 
no pumps, contactors, regenerators, or rehoilers, and only a 
small amount of methane is released intermittenlly when the 
unit is opened to replace the salt. 

I'he amount of moisture that can be removed from a gas 



stream is a function of tlie ga.s pressure and temperature. 

At high gas temperatures, desiccant dehydrators can form 
ga.s hydrates, which can plug the unit. Therefore, desiccant 
dehydrators are best .suited for 5 MMcfd gas flow rates or less, 
with a low' wellhead gas temperature (less than 70 degrees 
Fahrenheit). Glycol dehydrators are needed for gas flow 
rates exceeding 5 MMcfd, for higher gas pressures, or when 
operation is required over a wide range of pressures.* 


4.4.2 Opportunity 

Reduction Target 8 Bcf/year 

The 2011 Greenhouse Gas ffii/enfory estimates that gas 
dehydration .systems emit approximately 8 Bcf of methane 
annually.®® 

Desiccant dehydrators can be used to replace an existing 
TFXj dehydrator. When This occurs. There is an Initial capital 
investment required. For example, a 1 MMcfd unit costs 
about $1 2,500 to $16,000, but the operating and maintenance 
costs tor a desiccant dehydrator are l(.)wer than th(.)se f<.>r 
a TEG unit (cost savings of about $l,BOO/year The 

EIW estimates that replacing a small TEG dehydrator with 
a desiccant dehydrator will capture about 1 .000 Mcf/year 
of methane.'®® I..arger units — up to 5 MMcfd — ^will cost 
incrementally more, but will have corresponding lower 
operating and maintenance costs and higher methane 
emission recovery.*®® 

Of the R Bcf/year reduction target for dehydrators, most 
of the emissions are from small dehydratons that are exempt 
from MACT standards. Using desiccant dehydrators to 
replace aging glycol dehydrators, or as a Itiwer emission 
alternative for new dehydration units, will reduce methane 
emissions from small dehydrators. 
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4,4.3 Proposed EPA Regylations 

The HPA’s proposed new air toxics standards include new and 
existing small dehydrators. Desiccant dehydrators are not 
specitically required. 

While these proposed standards would cover both small 
and large glycol dehydrators, the KPA estimates that only 
0.024 Bcf/year of methane would be captured (about 0.3 
percent ofthe emissions fromthis source). 

The KPA’s proposed standards could be strengthened by 
requiring: 

.s Air toxics reductions of 9B percent (up from the proposed 
95 percent) 

ss Better operational practices (e.g. optimized circulation 
rates) 

® Portable desiccant dehydrators used during 

maintenance, and desiccant dehydrators for gas flow 
rates of 5 MMcfd or less. 


4.4.4 Profit 

If a desiccant dehydrator is technically feasible in a new 
installation, it will be more profitable than a TKG dehydrator. 
In addition to having lower capita! and operating and 
maintenance costs than a TEG dehydrator, it has the added 
benefit of being able to collect methane for sale. 

The EPA estimates that profit could amount to $6,000 
per year, including operations and maintenance savings. 

The Initial investment of $16,000 for replacing a glycol 
dehydrator with a desiccant dehydrator is paid out in less 
than three years, as shown in greater detail in Appendix A, 
Table A4.‘“'’ 

In 2007, BP reported that it eliminated 058 glycol 
dehydrators, replacing them with desiccant dehydrators, for 
a $27 million profit and "immediate-payout." This atnounts 
to a profit of $31,469 per unit total, or about $31,000 per 
year averaged over a 10-year period.*"'^ 


4,4.5 Additional Benefits 

Unprocessed natural gas contains VOCs and HAPs, along with 
methane. Therefore, capture of this gas also reduces VOC and 

HAP pollution. 


4.4.6 Umltations and Evaluation 

Desiccant dehydrators produce a liquid brine waste 
that must be either routed to a produced water tank for 
reinjection or disposed of as waste. There are also pressure, 
temperature, and gas flow limitations. 

Figure 19 provides a simplified evaluation flowchart 
showing the basic steps for evaluating whether a desiccant 
dehydrator would be an option. 

4.5 DRY SEAL SYSTEIV^S 

Centrifugal compressors are used in the production and 
transportation of natural gas. Centrifugal compressoi s 
installed witli wet seals have high-pi'e,ssure seal oil that 
circulates between rings around the compres.sor shaft. This 
higb-pressure oil is used as a barrier to prevent gas escape. 
The sea! oil absorbs methane gas, however, and later the 
methane is vented to atmosphere, when the compressor 
seal oil gas is vented in a process called "seal oil degas.sing” 
(Figure 20). 

Instead of using seal oil (wet seal), centrifugal compressors 
can use dry seals, in which high-pressure gas is used to seal 
the compressor. Changing out wet seals and installing dry 
seals reduces methane venting (Figure 21). 

Wet seal technology is being phased out. In fact, more 
than 90 percent of new compressors are being sold with dry 
seal technology, due to the environmental and cost savings 
benefits it offers. 


gure Id: Desiccant Dehydrator Evaluation Flowchart 
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4.5.1 Teclirioiogy Description 

Dry seals prevent methane leaks by pumping gas between 
the seal rings, creating a high-pressure leak barrier when 
the compressor shaft is rotating (Figure 21). TypiccJly, two 
dry seals are used in tandem to prevent gas leakage. When 
the compressor shaft is not rotating, the dry seal housing is 
pressed up tight against the rotating ring using a “dry seal 
spring," thereby preventing gas leaks.’® 


* ! .' s * ‘I ry 

] s 27 Bcf/vesr 

The 2011 Greenhouse Gas /uferitory estimates that 
approximately 1 ,500 centrifugal compressors with wet seals 
were operating in the U.S. O&G industry, with rod packing 
systems emitting approximately 27 Bcf of methane annually, 
a significant fraction of which can and should be captured.’®' 
The KPA estimates that RO percent of natural gas 
compression station methane emissions are emitted from 
compressors.’® If wet seals are used in comprevssors for other 
applications in gas production, those compressors can also 
emit large amounts of methane. According to the KPA, wet 
seal oil degassingmay vent between 40 and 200 standard 
cubic feet per minute (scfm), compared to about 0.5to3 scfm 
with a dry .seal.’® Dry seal technology offers a technically and 
economically feiisihle alternative to reduce these methane 
emissions. 


4.5.3 Proposed EPA Regulations 

The EPA’s proposed NSPS regulations would require the use 
of dry seals for each new or modified centrifugal compressor 
located in the processing, transmission, and storage sectors. 
The standards would not apply to compre-ssors at a wellsite or 
in the distribution sector. 

The EPA estimates that the proposed NSPS would reduce 
methane emissions from compressors with wet seals by 
about 0.25 Bcf/year, about 1 percent of the compressor 
methane emissions from this source. This low control 
percentage is primarily because the NSPS would only affect 
new or modified or replaced leakage sources, while the bulk 
of the emissions are from existing sources. 

The proposed regulations could be further enhanced 
by requiring equipment and operational requirements for 
existing compressors. New compressors represent just 2 
percent of all centrifugal compressors in the processing, 
transmission and storage sectors. Compressors axe added or 
replaced in these sectors at an extremely low rate. Therefore, 
a standard applying only to such compressors would leave 
most of the emissions untouched. 




Figure Centrifugal Conipiu&sot Dry Seals 
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4.5,4 Profit 

The actual costs for a dry seal system will depend on 
compressor operating pressure, shaft size, rotation speed, 
and other site-specific factors. The EPA reports that a dry seal 
retrofit costs on average $324,000, hut results in an operations 
and maintenance cost savings of more than $100,000 per 
year and can generate up to $400,000 in additional annual 
revenue from captured methane, resulting in a payout of 
approximately one year.’*®'”’ One of the major factors in the 
profit equation is the lower O&M costs ftir dry seals — $0,400 
to $14,000 per year — compared to wet seal costs of $140,000 
per year per compressor or more. 

The RPA’s 201 1 Greenhouse Gas Inwritorymd other sources 
estimate the leak rate to be approximately 18,000 to 1 00,000 
Mcf per year. If captured and sold, this could annually yield 
up to $400,000 in additional revenue, and up to $120,000 in 
operations and maintenance saving.s. Additional details are 
provided in Appendix A, Table A5. 

Using the EPA’s estimate that wet seal oil degassing may 
vent between 58 and 288 Mcf/day, compared to 0.7 to 4 
Mcf/day witha dry seal, and using current gas prices, an 
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operator may save up to $400,000 per year, percompressor.*^^ 
However, the actual profits will vary based onsite-specific 
circumstances. 

In 2008, Petroleos Mexicanos (PEMPIX) assessed the 
benefits of converting from wet seals to dry seals on 
centrifugal compressors at a compression station in 
southern Mexico. PHMEX found a gas savings of 33.5 sdm 
per seal, and a gas savings of 35, 000 Mcf/year (resulting in 
greenhouse gas emissions reduction of 7,310 metric tons of 
carbon dioxide equivalent per year), and a profit of $126,690 
annuaiiy.^^' 

Targa Resources and the Oas Processors Association report 
that replacing a wet seal with a dry seal on a 6 inch shaft 
beam compressor that operates approximately 8,000 hours 
per year, leaking at 40 to 200 scfm, will pay out in four to 15 
month.s. yielding more than $l million in net present value, 
assuming a 10 percent discount rate in a span of five years, 
and more than a 1 70 percent rate of return.”® 

4,5.5 Additional Benafits 

Upgrading compressor seals can reduce pow'er requirements 
and downtime, improve compressor reliability, and lower 
operating costs by eliminating seal oil costs and associated 
maintenance.”** 


4.5.6 Limitations and Evaluation 

A cornpressor-.speciflc, site-specific evaluation is necessary 
to determine if conversion to dry seals is technically feasible. 
A conversion to dry seals may not be possible on some 


compressors because of compressor housing design or other 
operational or safety factors. 

Figure 22 provides a simplified evaluation flowchart 
showily the basic steps for evaluating a dry com pressor seal 
conversion. 


4.6 IMPROVED COMPRESSOR 
mMurEUAmE 

Reciprocating compressitrs leak methane from a component 
called a rod packing case. A common practice is to route the 
rod packing emissions outside the compressor building and 
ventthe methane emissions directly into the atmosphere. 
Methane emissions can be reduced by replacing worn out 
rod packing. 


4.6.1 Technology Description 

Rod packing systems are used to maintain a seal around the 
piston rod, preventing gas compre,ssed to a high pressure in 
the compressor cylinder from leaking, while still allowing the 
piston rod shaft to move freely. A series of flexible rings are 
fitted around the piston rod shaft, held in position by packing 
material and springs. 

Methane leaks occur between the rings and piston rod 
shaft, around the outside of the rings, and between the 
packing (Figure 23). Packing leaks can occur for a number of 
reasons, such as a worn piston rod, an incorrect amovmt of 
lubrication, dirt or foreign matter in the packing, or packing 
material out of tolerance.”' The amount of leakage will be a 


Figure 22: Wet to Dry Compressor Seal Evaluation Flowchart 
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function of the amount of misalignment between the piston 
rod, packing materials, and rings and packing case. Also, 
misalignment of the piston rod and any imperfections on the 
piston rod surface can cause leakage.*'® 

Rod packing case leaks are also a function of the quality of 
initial installation, packing material selection, and the way in 
which the unit was operated during the initial, or break-in, 
operating period. 



Actatitec! fcom EPa 2009 Metfiana to Market Presentation 


4.6.2 Opportunity 
Reduction Target: 75 Bcf/year 

In 2006, the EPA estimated that more than 51,000 
reciprocating compressors were operating in the U.S. natural 
gas industry with, on average, four cylinders each, for a 
total of more than 200,000 piston rod packing systems in 
service."® The 201 1 Greenhouse Gets fnjwito/y estimates that 
these systems emit 75 Bcf of methane annually, a significant 
fraction of which can and should be captured.'” 

As with centrifugal compressors, an impediment to rod 
packing replacement is the equipment downtime required 
to make the replacement. However, routine repair and 
maintenance is a good business practice. 

4.6.3 Proposed EPA Regulations 

The EPA’s proposed NSPS regulations for reciprocating 
compressors require replacement of rod packing every 26,000 
hours of operation (approximately every three years). These 
standards would only apply to reciprocating compressors 
at processing stations, gathering and boosting stations, 
transmission stations and underground storage facilities. The 
standards would not apply to compressors at a well site or 
beyond the city gate (distribution sector). 

The EPA estimates that the proposed NSPS regulations 
w<,ujld reduce emissions from reciprocating compress<3rs 
hy about 0.3 Bcf/year, less than 1 percent of the methane 
emissions from these sources. This is primarily because the 
NSPS would only apply to new or replaced reciprocating 
compressors starting from the time of installation, whereas 


the bulk of the emissions come from existing compressoi's. 

It does not appear that the proposed standards would 
apply when an existing compressor is taken offline for 
maintenance. 

The proposed regulations could be further strengthened 
by requiring equipment and operational requirements for 
existing compressors. New compressors represent just 3 
percent of ail reciprocating compressors in the processing, 
transmission and storage sectors. Compressors are added 
or replaced in these sectors at a low rate; therefore, a 
standard applying only to new compressors will leave most 
of the emissions untouched. The EPA should also require 
emission abatement at the wellhead (production sector). 
While replacement based on hours of operation is a good 
minimum tlneshold, the EPA should also consider requiring 
regular leak-rate tests and early replacement if leakage is 
deemed too high. 


4.6.4 Profit 

Operators that carefully monitor and replace compressor 
rod packing systems on a routine basis can reduce methane 
emissions and reduce piston rod wear, both of w’hich 
increase protit. 

The 201 1 Greenfwuse Gas Inventory uses a letik rate of 875 
scf/hour (21 ,000 scf/day), equating to approximately $1 00 of 
gas leaking from each compressor each day it is not repaired. 

The EPA estimates that refurbishing the rings and packing 
material may cost between $135 and $2,500, depending on 
the size of the unit. Rod replacement can range from $2,400 
to $1 3,500, depending on the number of rods replaced. 

The pace at which replacements are necessary is a 
function of the compressor type, use, maintenance and 
operating conditions, and is highly variable. In most cases, 
though, payout is achieved in less than a year. The EPA has 
estimated that on average, the annual investment expense 
of replacing one rod packing system is about $600, with 
an initial investment of about $1,600, The methane gas 
captured has a value of about $3,500 per year, allowing 
payout to be achieved in less than half a year.'” Another EPA 
reference reports a slightly lower initial cost for replacing rod 
packing of $1,200, butwith similar natural gas savings, to 
allow for payout in less than half a year.'^'* Additional detail is 
shown in Appendix A, Table A6. 

4.6.5 Additional Benefits 

Collection of methane and other gas vapors at O&G 
operations creates a safer working environment by reducing 
potentially combustible vapors at the w'ork site. 

4.6.6 Limitations and Evaluation 

One major consideration in decidingwhether to replace 
worn rod packing is the cost and feasibility of taking the 
compr^sor out of service to make tlie repair. Larger facilities 
with spare compressor capacity will not be as significantly 
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affected as stnaUer operations, where repairs may require a 
complete shutdown. Other variables affecting cost savings 
include the amount of wear already on the rings and rod shaft, 
fit and alignment of packing parts, and cylinder pressure. 

Figure 24 provides a simpiified evaluation flowchart 
showing the basic steps for evaluating rod packing 
replacement. 

ricjiitv Rod Pcicliinq R^p)ar.pm^nt 
Lvtilinilioii Hrivvctturt 

Establish rod packing leak rate for new rod packif^ - 

; i 

. , Determine the leak rate threshold where rt is; . 
i profitable to replace the rod packing 

. Monitor the leak rate to determine the optimal rod 
packing replacement timing , ^ 


Replace Worn Rod Packing 


4J LOW-BLEED OR NO-BtEED 
PMEOMATC COmOlLEBS 

Pneumatic controllers are used to regulate pressure, ga.s flow, 
and liquid levels, and to automatically operate valves. They 
are used extensively in the O&G industry. 

Pneumatic controllers are designed to release methane 
gas to the atmosphere as part of normal operations. vSome 
pneumatic controllers bleed at a low rate (low-bleed) 
and others bleed at a high rate (high-bleed). A high-bleed 



controller is defined by the EPA Natural Gas S TAR Program 
as a device drat releases 6 scf/hour or more. Converting 
higb-bleed controllers to low-bleed controllers, or moving 
away frtiin gas-operated controllers altogetfier iit favor of 
instrument air controls, reduces methane emissions. 

Cx)lorado requires O&G operators to install low-bleed 
or no-bieed pneumatic controllers at all new facilities and 
whenever a device is repaired or replaced, if technically 
feasible.'^’ Wyoming’s Oil and Gas Production Facility 
Guidance includes upgrading to low-bleed or no-bteed 
pneumatic controllers, or routing methane to a collection 
system during a repair or replaceinent.^ ^** 


4,7,1 Technology Description 
Pneumatic controllers use clean, dry pressurized natural gas 
to provide a power supply to measure process conditions (e.g. 
liquid level, gas pressure, flow rate, temperature) and control 


Figure 26 Pneumatic Controller Locations in Natural Gas Produeftion 
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the conditions to a set point. Figure 25 shows apneumatic 
controller. Figure 26 shows the locations in O&G operations 
where pneumatic controllers may be used. 

There are three main pneumatic controller designs: 

1 . Intermittent bleed controllers that release gas only when 
die valve is stroked open or closed 

2. Continuous bleed controllers that modulate flow, liquid 
levels, or pressures 

3. Self-contained controllers that release gas back into 
piping and not to the atmosphere*-' 

There are four main options for reducing methane emissions 
from pneumatic controllers: 

1 . Replacing high bleed pneumatic controllers with low- or 
no-bleed controllers 

2. Retrofitting pneumatic controllers with bleed 
reduction kits 

3. Converting natural gas pneumatics to instrument air 

4. PerRirming routine maintenance to repair leaking 
gaskets, tube fittings, and seals 

4.7.2 Opportiioity 

Heduction Target: 93 Bcf/year 

The 201 1 Greenhouse estimates that pneumatic 

controllers vented 99 Bcf of methane into the atmosphere.*^ 
Emissions are primarily generated from the production, 
processing, and transmission and storage sectors. The 
EPA also estimates that64 percent of pneumatic controller 
emissions come from O&G production.*^** According to the 
American Petroleum Institute, there are approximately 
I million existing wells, and three controllers per well, 
indicating that there are a minimum of three million 
controllers in operation at well sites alone. The EPA reports 
that the typical high-bleed controller releases 140 Mcf/year 
of gas to the atmosphere.*^” Fortunately, nearly 80 percent 
of all high-bleed pneumatic controller can be replaced 
with low-bleed equipment or retrofitted to reduce methane 
emissions.*^* 

Taking into account the EPA's asse.ssment that 80 percent 
of high-bleed devices can be replaced or retrofitted, we 
consider that a very large fraction of the 99 Bcf/year 
emissions can be captured. 

4.7.3 Proposed EPA Regulations 

The EPA’s proposed NSPS regulations require in.strument air 
controllers that have zero methane emissions to be installed 
at processing plants. The EPA also proposes that low-bleed 
pneumatic controllers, with a limit of 6 scfh, be used in the 
production, transmis.sion, and storage sectors. Requirements 
would apply to newly installed pneumatic controllers, 
including replacement of existing devices. The proposal 


would exclude pneumatic controllers that are located in the 
dfetribution segment, as w'eil as existing controllers. 

The EPA estimates that the proposed NSPS regulations 
would reduce emissions from high-bleed pneumatic 
controllers by about 4..5 Bcf/year, or ab(mt 5 percent. The 
emission reduction is small becau.se the proposed NSPS 
would only apply to pneumatic controllers at the time of 
installation, whereas the bulk of the emissions are from the 
existing fleet of controller.s. 

NRDC recommends that the EPA should require that 
existing sources be controlled to maximize methane emission 
reductions. The EPA should also consider regulating emission 
reductions from the distribution sector, and requiring no- 
bleed controllers at locations outside the processing sector 
where feasible. 


4.7.4 Profit 

In 2005, the EPA reported that the incremental cost of 
replacing high-bleed controllers with low-bleed controllers 
was approximately $350 per device, resultingina $1,100 
annual operating and maintenance cost savings and a 
paytrackof less than one year for each device.*'*^ Natural gas 
savings of $700 or more is also possible. The EPA estimates 
that retrofitting a pneumatic controller with a bleed 
reduction kit costs, on average, $500, and pays out in nine 
months.*”® An EPA lAissons Learned report from 2006 also 
reports similar cost and natural gas savings, but with smaller 
operational and maintenance savings,*”'* 

While ainversion from natural gas pneumatic coTitrollets 
to instrument air is estimated to be more cOvStly, at $10,000 
per conversion and $7,500 in annual operating and 
maintenance costs, there are substantial fuinual natural gas 
savings of more than $20,000 per year and payback in less 
than two years.*”®-*”® In 2006, the EPA estimated the cost/ 
benefit of replacing large gas-operated controllers with 
instrument air controllers.*”^ The EPA estimated the cost to be 
approximately $60,0()() per controller. The natural gas savings 
were commensurately larger at approximately $80,000 per 
year, rendering the investment profitable with a payback 
period of just under one year. Additional detail ivS shown in 
Appendix A, Table A7 and A8. 

BP reported that It replaced 1 1 ,500 high-bleed pneumatic 
controllers with low- or no-bleed controllers in six states, 
during the period of 1999 to 2002, capturing 3.4 Bcf/year 
The program yielded u net present value of $65 million for a 
capital investment of $4 million. BP also reported that it had 
installed 41 1 pneumatic pump pressure regulators, reducing 
gas use by 0.4 Bcf/year, at a cost of less than $50,000, for a net 
present value of $8.4 iniilion. 

QEP Resources Inc., Shell Upstream Americas, Ultra 
Petroleum, Devon Energy, EnCana, and other gas producers 
in Wyoming have replaced pneumatic controllers w'ith new 
ktw'-bleed controllers. Instead of gas venting the gas is routed 
to a pipeline for sale.*”” 
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Fitjur^' 2/ PmujmaTtc Ootitrulli r Evaluation Ffowche 

Inventory high-bleed pneumatic controllers and 
estimate methane release rate per corrtroller 


i 

^ ¥ . . 

Evaluatethetechnicalfeasibilityofreplacing :^ '.- ' . 

■ > Evaluate- the technical feasibility of 

the high-bleed device with a low-bleed controller 

: replacing the.high^bleed controller with ^ 

or Instrument air. Is It technically and 

.s’ableed reduction kit. Is ittechnically : 

economicallyfeasibie? .- 7 .,.: r.-.Ai; 

and economically feasible? 

= i Yes 

-^No 

: i 

: Perform routine maintenance to-repair 

Replace or Retrofit Controller -i- ® 

leaking-gaskets, tube fittings and seals 


4.7,5 Additionai Benefits 

Upgrading pneumatic controllers to use instrument air 
increases operational efficiency, system-wide performance, 
and reliability. It also improves monitoring of gas flow, 
pressure, and liquid levels. Fxcess instrument air can be used 
for other equipment (e.g. pumps and compressor starters). 


4.7.6 Limitations and Evaluation 

The HPA e.stimates that RO percent of all high-bleed 
controllers can be retrofitted or replaced with low-bleed 
equipment, leaving 20 percent of the controller inventory not 
feasible for this techn(,)logy.‘'‘" 

Figure 27 provides a simplified evaluation flowchart to 
show the basic steps for evaluating replacement of a high- 
bleed to a low or no-bleed pneumatic controller. 


4.8 PlPELilME MAIIMTENANCE AND REPAIR 

Methane is typically vented into the atmosphere when a gas 
pipeline is repaired or replaced, or must be cut to install a 
new connection point. Typically an operator will isolate tlie 
pipeline section to be worked on by shutting pipeline valves 
on either side of the repair, replacement, or connection point. 
The gas contained in the piping section is typically vented 
into the atmosphere to eliminate a potential tire or explosion 
risk while work is completed on the piping. 

vSubject to a thorough safety evaluation, alternatives exist 
to mitigate methane relea.se. These alternatives involve either 
re-routing gas to be burned as fuel or allowing work to be 
conducted on the pipeline while it is in operation. 

During pipeline repair, methane gas venting can be 
mitigated by; 

* Using hot tap connections 

» Re-injecting gas into a nearby low-pressure fuel system, 

«; Using a pipeline pump-down technique to route gas 
to sales 
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4.8.1 Technotogy Description 

HotTap; Hot tapping a pipeline allows an operator to make 
a connection to a pressurized piping system without causing 
any service interruption. Hot tapping is completed by first 
welding a branch fitting and permanent valve body onto the 
pipeline while the pipeline remains in service. Next, the hot 
tapping machine is installed on the valve body (Figure 28). 
The hot tap pipeline cutting tool is inserted through the valve 
body and used to cut into the pipeline while maintaining 


Figure 28: Pipeline Kot Tapping SchBitiatic 
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a complete seal between the valve body and the hot tap 
machine. This process does not allow any methane gas to 
escape. Once the pipeline wall is cut, the piece of pipe is 
1 ‘emoved along with tlte cutting tool by pulling both back 
through the valve body. The valve is closed and the hot tap 
machine is removed. Finally the branch line is connected 
and installed without releasing any methane into die 
environment. 

Hot tapping is not a new technology; it has been in use 
fora number ofyears.’'^’ However, hot tapping techniques 
and equipment have improved in quality, availability, and 
safety. More technicians and engineers are trained on safe 
use and operation, and necessary equipment is now available 
in the sizes typically used. 

Re-injecting gas into a low pressure fuel system; In some 
cases, complete gas evacuation is required to safely repair, 
replace, or conduct maintenance on a pipeline section. 
Ratherthan venting methane to the atmosphere, an operator 
can de-pressure the pipeline to a nearby low pressure fue! 
system. Some pipelines are initially designed and installed 
with a bypass connection from the high pressure pipeline 
to a lower pressure fuel gas system. If a permanent bypass 
connection does not exist, a temporary bypass connection 
can be installed. 


Pipeline pump-down technique: (las can be removed 
from the pipeline by using in-line compressors along, or in 
sequence with, portable compressors. As explained above, 
an operator often will isolate the pipeline section to be 
worked on by shutting in pipeline valves on either side of the 
repair, replacement, or connection point. The gas contained 
in the piping section is then vented into the atmosphere to 
eliminate a potential fire or explosion risk. Alternatively, in 
the pipeline pump-down technique, the operator only shuts 
in one valve (the upstream valve), which stops any new gas 
from entering the pipeline section to be worked on. Then 
gas is removed from the pipeline section by running an in- 
line compressor located downstream of the repair section. 
This technique will not completely remove ail the gas in 
the pipeline section, but may reduce the gas pressure or 
concentration to a level that is safe for some repairs (Figure 
29A). 

Ihse of a portable compressor, alone or in addition 
to an existing in-line compressor, can remove up to 90 
percent of the gas in the pipeline segment because portable 
compressors have a 5 to I compression ratio, compared 
to in-line compressors tiiat are rated at 2 to 1 To use a 
portable compressor, there must be a valve manifold attbe 
downstream pipeline location to temporarily install the 
compressor during the repair work (Figure 29B). 


Figure 2:9A: Pipeline Pump^Down Technique Using In-Line Compressor Schematic 



Close Upstream Valve Remove Gas Between Valves Initially Open Downstream Valve; 

Using Inline Compressor Remove Gas in Segment: Close Valve. 


Figure 29B: Pipeline Pump-Downr^echnique Using Portable Compressor Schematic 
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■■ ■* . ■. ■ - ' ^ :t/year 

The ^^01 1 C,ieeiihou',e Uii'^ hwentorv esUmdtes thatroutine 
maintenance and pipeline upsets resulted in 19 Bcf/yearof 
methane vented into the atmosphere.'^^ 

For a pipeline ranging from 4 to 1 8 inches in diameter and 
operating between 100 and 1,000 psig, the KPA estimates that 
up to 2,000 Mcf of methane gas is vented when apipeiine 
is blown down to make a new connection, and 6,000 Metis 
vented when replacing pipe.'*'' The amount of gas contained 
in the pipeline section will be a function of pipeline size., 
pipeline length between isolation valves, and gas pressure. 
Thus, gas venting rates and volumes will vary substantially. 


4.S.3 Proposeji EPA Regulations 

The KPA’s proposed NSPS and existing air toxics standards do 
not include pipeline maintenance, and repair as a means to 
control methane. NRDC recommends that the KPA require 
methane control during maintenance and repair where safe 
and feasible. 


4.B.4 Profit 

Use of a hot tap tool prevents venting gas into the 
atmosphere, allowing that gas to reach market, and 
elirninatevS the cost of evaluating the pipeline to install the 
connection. Hot tap profitability will vary widely based on the 
pipeline size, flow rate and number of taps done in a period 
of time. However, in general the EPA reports that payback is 
short (less than one year) and the procedure is profitable.”'^ 
The EPA estimated that the capital cost of installing a 


low pressure piping bypass to re-inject gas during a pipeline 
blowdown into alow-pressure fuel system is less than $1 ,000.^'*® 

The pipeline pump-down technique is most profitable for 
higher pressure, higher volume pipelines with existing in-line 
compr^ors, or where valve manifolding exists to easily 
connect a portable compressor. 

Overall, use of in-line compressors to remove gas from a 
pipeline during a pipeline pump-down technique is very 
profitable because there is no initial investment or rental 
costs, and payliack is essentially immediate. If portable 
compressors are required, economics will vary and will 
require a site-specific evaluation. Still, this pr(.)cedure is 
typically profitable, with a short payout.^''' Gas collected by 
the compressors am be routed to a gas sales line. 

4.8.5 Additional Benefits 

Continued operation of a pipeline during repair, 
maintenance, and installation of new connections eliminates 
disruption to gas service. 

4.8.6 Limitations and Evaluation 

The use of hot tap equipment and techniques requires 
a safety review and qualified personnel to safely operate 
the equipment, and there are some ca.ses where use of hot 
tapping equipment is not safe or recommended. In these 
cases, advice can be sought from corporate health, safety, ant! 
environment experts to recommend alternate ways to avoid 
methane venting. Some repair, replacement, and pipeline 
connection plans require complete gas removal from the 
pipeline and a hill purge to ensure the safety of personnel. 

Figure 30 shows the ba.sic steps for evaluating options 
to mitigate methane release from a pipeline during 
maintenance and repair work. 



nee and Repair Evaluation Flowchart , 
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4.9 VAPOB RECCWERY UMTS (VBUs) 

Crude oii and condensate tanks tJrdt vent to atmosphere 
emit methane through three different mechanisms: flashing 
losses, working iosses, and standing losses. To avoid methane 
emissions, a vapor recovery unit can be installed on the tank 
to capture methane gas for sale or to be used as fuel. 

4.9,1 Teelirioiogy Description 

V\Tien liquid petroleum and natural gas are produced from a 
well, they are processed through a separator to partition oil, 
gas, aitd water. Oil, condensate, and gas are sold to market. 
Water is either re-injected or handled as waste. 

Liquid petroleum is sometimes stored in tanks prior 
to delivery to a pipeline or other transportation method. 

Gas liquids (condensate), in some cases, are produced 
and collected in a tank. When oil leaves the last phase of 
separation, some amount of methane gas is still trapped in 
the oil; the amount of methane is dependent on the last-stage 
separator pressure. 

Since the separator pressure is higher than the pressure 
in a crude oil or condensate tank, methane gas will escape 
from the crude oil or condensate during transfer into the 
tank. Liberation of natural gas is commonly referred to as 
“flashing” of natural gas from the oil. Flashed gas, typically, 
has a high BTU value and sales value. 

Fewer flashing losses will be generated from an oil storage 
tank if a facility reduces the operating pre.ssure of the low- 
pressure separator or heater equipment just upstream of 
the oil storage tank. In these cases, less gas will he routed 
to the tanks. These optimizations can be accomplished by 
adjusting operating pressures with minimal capital and 
operational costs. 



Once crude oii and condensate are in the tank, they will 
continue to release methane gas when tank contents are 
agitated (working losses), which typically occurs duringtilling 
and removal of oil or condensate from the tank, and through 
standing losses during seasonal and daily temperature and 
pressure changes. 

Vapor recovery units can typically capture up to 95 
percent of the metlume that would ordinarily be vented to 
atmosphere. Figure 31 shows vapor recovery equipment. 
Captured methane gas can be sold nr used as fuel. Figure 32 
Is a schematic showing the typical equipment configuration 
needed for a vapor recovery system. 

For sites where electric power is available, the EPA 
recommends conventional rotary or screw type compressor 
vapor recovery units. For sites without electric power, an 


Figure 32 Vepor Recovery Unit Schemetie 
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ejector vapor recovery unit can be used if there is a high- 
pressure compressor with spare capacityd^” 

TotalFinaHlf K&P USA, inc. reports that it recovered 
$334,000 in gas per year from its El Ebanito O&G facility tanks 
in Starr Ciounty, I’exas using the Venturi jet Ejector System 
(patented by COMM Engineering).’*'® Patented by Hy-Bon 
Engineering, theVapor jet System is anotiier option if there 
is produced water available at the site to operate the system. 
A small centrifugal pump forces water into a Venturi jet, 
creating a vacuum effect to move low-pressure gas to a gas 
sales line or fuel use intake point. 

If gas is collected in the vapor recovery units, it must be 
at sufficient pressure to enter the intended gas pipeline or 
fuel system. If this is not the case, additional compression is 
required at an additional cost. 


PI Bcf^yaar 


The 2011 Greenhouse Gas Inventory estimates that storage 
tanks vent approximately 21 Bcf/yearofmethanetothe 
atmosphere.’-'"’ Some crude oil tanks are required — by EPA 
and state reguiati<.)n — to install vapor recovery units, however 
many smaller tanks do not have vapor recovery units installed. 


4.9.3 Proposed EPA Regulations 

The EPA‘s proposed NSPS for storage vessels would require 
at least percent ofVOC reductions for new and modified 
storage vessels.’®’ These requirements would apply to vessels 
with a throughput equal to or greater than one barrel t>f 


condensate per day or 20 barrels of crude oil per day, which 
are equivalent to VOC emissions of about 6 tons per year.’®’ 
Controls would include either the installation of a VRU or 
the use of a combustion device. At the same time, the EPA 
is proposing revised air toxics standards for storage vessels. 
The standards would apply to new and modified sources as 
well as existing sources. The EPA is proposing a 95 percent 
HAP reduction requirement, which would also reduce VOC 
emissions at these sources by 95 percent. In order to avoid 
duplication in compliance requirements (monitoring, 
recordkeeping, and reporting), the EPA is proposing that 
sources which are subject to the NESHAPs requirements 
would not lie subject to NSPS requirements. 

The EPA estimates that the proposed NSPS and NESHAl'^ 
regulations would reduce methane emissions from storage 
tanks by about 0.52 Bcf/year, or ju,st under 3 percent of the 
emissions from this source, because the proposed rules 
would not apply to most of the uncontrolled tanks currently 
in operation. 

NRDC recommends that the EPA’s proposed regulations 
be strengthened by reducing the threshold for emission 
control on smaller tanks {e.g., by aggregating small tanks into 
a battery of tanks and considering emissions of the entire 
battery). The EPA should also require emissions reductions 
from produced water tanks, and require 9B percent control 
efficiency forVRUs (up from 95 percent). 

4.9.4 Profit 

The amount of profit from vapor recovery units will vary 
widely, based on site-specific parameters. The HPA's Methane 
to Markets program found that tank vapor recovery projects 
can be profitable (Table 6). Depending on size of the systems, 



Financial Anafysis for a Conventional VRUPnqi^ 
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300'' 

■ $103,959''. 

'$1&.839/. 


$348,403 

4 

■ .■■■':335%': 


Adapted from: EPA Natural Gas STAR, Reducing Methane Emissions witfi Vapor Recovery on Storage Tanks, lessons learned from the Natural Gas STAR 
Program, Newfteld Exploration Company, Anadarko Petroleum Corporation, Utah Petroleum Association, Interstate O&G Compact Commission, Independent 
Petroleum Association of Mountain States, March 23, 2010. 

*Unit cost plus estimated installation of 75 percent of unit cost 
$4.00 per Mcf x 1 /2 peak capacity x 365 {original price as per report was $6.22| 
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r-icjiji>- n Vapor Recovery Unit Evalua^WS^ 

Identify possible vapor recoveiy locations 


Quantify the vapor loss anddetermjnedhe gtossyaluetafi gasKiv: - 

Evaluate technical options for vafXK Fec^eiy^sudi as- :--. . ^ 
i siventurijetejectors, vapor jetS;orrotaFyv3ne,SGrewor' v < 

scroll type compressors . ■ . . • v : 

1 f 

; ^ 


: ■ Evaluate economics. . No ^ 

. iCanseparator pressure be optimized ; 

j ' Is tank vapor recovery profitable? . ■ . ^ 

to reduce tank, vapor loss'? 

4 i 

implement VaporRecoverv ^ 

No 

Document technical and/or 
economic mfeasibitity 


capital and installation costs range from $36,000 to $1 04.000, 
methane capture at between 5,000 and 91,000 MctVyear, and 
profits are between $4,000 and $348,000. Additional detail 
is provided in Appendix A, Table A9. Payback periods range 
from a few months to about three years, depending on flow 
rate and scale of the 

Additional examples of tank vapor recovery 
profitability include: 

m Anadarko reported netting $7 million to $8 million 

between 1993 and 1999 by installing more than 300 vapor 
recovery unitsJ^'* 

«p ConocoPhillips Installed vapor recovery on nine tank 
batteries at a total cost of $712,500. The company’s 
Investment paid out within less than four months, 
earning $189,000 per month thereafter.’^ 

« Chevron installed eight vapor recovery units on crude oil 
stock tanks in 1996. This investment paid out in less than 
oneyear.’^® 

If vapor recovery is not economic, an operator can 
consider minimizing the operating pres.sure of its low- 
pressure separators to reduce flashing losses, or the amount 
of methane vap<^rs that are flashed off. For example, Devon 
Hnergy reported a savings of $7,000 per year after optimizing 
operating pressures in its low-pressure separators, reducing 
the amount of (nethane vapors that are flashed off. ITie 
company reported that the “primary goal of the optimization 


was to increase profits for the facility by putting more gas into 
the sales pipeline and to reduce emissions of methane with 
minimal costs to the facility. 

4.9.5 Additional Benefits 

Vapor recovery units are commonly required in ozone non- 
attainment areas as lowest achievable emission rate (LAHR), 
(n in attainment areas as best available control technology 
(BA(n'). Therefore, VRU use to control methane will also have 
ozone mitigation benefits. Control of tank vent gases can 
also reduce emissions of HAPs, such as benzene, toluene, 
ethylbenzene, and xylenes, VOCs, and hydrogen sulfide. 

The collection of methane and other gas vapors creates 
a safer working environment by reducing potentially 
combustible vapors at the work site. 

4.9.6 Limitations and Evaluation 

Ore must be taken in VRU system design to avoid oxygen 
entrainment, becau.se oxygen in the system can pose a 
corrosion and explosion hazard.’®® 

VRUs are appropriate for locations that have access to a gas 
pipeline or an opportunity to use the recovered methane for 
hiel gas. If this infrastructure does not exist, the technical and 
economic feasibility may be limited. 

Figure 33 illustrates the basic steps for evaluating tank 
vapor recovery options. 
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4.10 LEAK MONiTORING AND REPAIR 

Methane gas leaks can occur Irotn numerous locations at oil 
and gas facilities — valves, drains, pumps, threaded and flanged 
connections, pressure relief deMces, open-ended valves and 
lines, and sample points — as gas moves through equipment 
under pressure, These leaks are called fugitive emissions. 

Fugitive emissions from equipment leaks are unintentional 
losses of methane gas that may occur due to normal wear 
and tear, improper or incomplete assembly of components, 
inadequate material specifications, manufacturing defects, 
damage during installation or use, corrosion, or fouling.’*® 

Because methane is a colorless, odorless gas, leaks often 
go unnoticed. Historically, checks were typically performed 
on equipment components when they were first installed, 
using a soap bubble test or hand held sensor, to ensure 
the installation wavS leak tight. After installation, leaks were 
not typically monitored or repaired unless they became a 
significant .safety hazard. For example, a significant gas leak 
would be repaired If area, building, or employee monitors 
set off alarms or if olfactory, audible, or visual indicators 
observed by facility employees identified the leaL Under 
these circumstances, the leaks had usually become an 
obvious safety concern. As a result, methane leaks at outdoor 
facilities and unmanned facilities often went undetected for 
long periods of time. 

'Ibday, an increasing number of operators are monitoring 
and repairing leaks at their facilities. Sometimes tliese 
progcam.s are instituted voluntarily, other times they are 
required by the FFA, or state iind local air quality control 
agencies. For in,stance, the EPA has leak detection and 
repair regulations for VOCs where facilities meeting certain 
specifications are required to survey for leaks and repair 
all detected leaks. A voluntary program, also undertaken 
by The EPA Natural Gas STAR program, is called Directed 
Inspection and Maintenance. In this program facilities 
identify leaks, and then prioritize and repair tliem based on 
cost-effectiveness. 


4,10.1 Technology Description 

Fugitive emission control is a two-part process that includes 
both a monitoring program to identify leaks and a repair 
program to fix the leak. Monitoring program type and 
frequency is a function of the type of component, and how 
the component is put to use. In most cases, monitoring 
programs can be intermittently scheduled at a certain 
frequency (e.g. monthly or quarterly) to identify leaking 
equipment However, permanent leak .sensors may be 
required to detect chrotvic leakers.’®'’ 

There are many different monitoring tools that can be 
used to identify' leaks. Including electronic gas detectors, 
aa>ustic leak detection systein,s, ultrasound detectors, 
flame ionization detectors, calibrated bagging, high 
volume sampler, end-of-pipe flow measurement, toxic 
vapor analyzers, and infrared optical gas detectors. A few of 
these methods are described in more detail to familiarize 
the reader with the availability of these tools and the ea.se 
of measurement capability. Once leaks are identified, the 
operator can evaluate what is causing the leak and develop a 
replacement or repair program to mitigate the problem. 

For example, a hand held infrared camera can be used as a 
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screening tool to detect emissions that are not visible to the 
naked eye. An infrared camera produces images of gas leaks 
in real-time, it is capable of identifying methane leaks, but 
cannot quantify the amount of the leak (Figure 34). 

Remote methane leak detectors can detect methane leaks 
from as far away as 100 feet (Figure 35), 

Infrared cameras produce photos that show methane gas 
leaks, like the leaking valve shown in Figure 36. Once a leak 
is identified, a more quantitative leak flow rate Is needed, 
and other measurement devices such as high-tlow samplers, 
vent-bag methods, and anemometers may be used.*®* High- 
tlow samplers capture the entire leak, measuring the leak rate 
directly for leaks up to 10 cubic feet per minute, providing 
leak flow rate and concentration data. 

in 2007, TransC^anada reported significant reductions 
in fugitive emissions by implementing an effective leak 
monitoring and repair program that included measurement 
of fugitive emissions using high flow samplers to identify the 
largest and most effective repairs.*®^ 

Canadian experience with control of ftjgitive emissions at 
oil and gas facilities shows that: 

K Most metliane leaks are from components in gas service 
m Older facilities have the highest leak rates 
u About 75 to 85 percent of leaks are economic to repair 
m I'he top 10 leaks at a facility generally contribute more 
than 00 percent of the emissions 
The KPA has found that components in sweet gas service 
tend to leak more often than those in sour gas service, and a 
high frequency of leaks occurs from components in vibration, 
cryogenic, or thermal cycling service.*®'* 

4.10.2 Opportunity 


Reduction Target: 143 Bcf/year 

The 20 11 Greenhouse Gas Inventory estimates that the O&G 
industry’s frigitive emissions are 143 Bcf/year.*®® Hlimination 
or reduction of gas leaks retains more gas in the piping 
system for sale. 

Most large gas processing plants are already subject to the 
existing NSPS regulations (40 CFR Part 60, Subpart KKK) and 
required to implement an I.DAR program. However, most 
of the 457,000 miles of production gathering pipelines, and 
302,000 miles of transmission pipelines in the United States 
and 384,000 meters have not been required to Implement 
LDAR programs.’®® 

The 143 Bcf/year of fugitive emissions Is largely 
uncontrolled today. Fugitive emissions management is an 
ongoing commitment, not a one-time initiative. The potential 
for fugitive equipment leaks will increase as facilities age. 
Successful fugitive emission control plans require trained 
personnel, emissions testing equipment, performance 
tracking systems, and corporate commitment. 


4.10.3 Proposed EFA Regulations 

The era's proposed NSPS regulations would lower leak 
detection thresholds at gas processing plants.*®' The FPAs 
proposed NSPS regulations would reduce methane emissions 
through leak detection and repair by about 0.1 Bcf/year, less 
than 0.1 percent of the methane emissions from equipment 
leaks. 

Based on the EPA’s reported leak monitoring and 
repair profitability. NRUC recommends that more LDAR 
programs can and should he required by the HPA. Facilities 
in all sectors, including the production, transmission and 
distribution sectors .should undertake LDAR pnigrams. Best 
management practices such as optimizing processes should 
be used in tandem with LDAR programs. Not all devices 
that detect VOCs can detect methane, so facilities should 
specifically employ equipment and processes that can detect 
methane, such as infrared laser detectors. 


4.10.4 Profit 

In 2009, the EPA examined the profitability of repairing 
equipment Ieal« at oil and gas facilities through a Directed 
Inspection & Maintenance program.’®® 

EPA IrCssons Learned documents for both gas processing 
plants and compres.sor stations show the average co.st 
of repair was between $26,000 and $59,000 per year per 
facility.*®®-*^ Methane captured through thCvSe programs 
averaged 30,000 and 87,000 Mcf/year. For gas processing 
plants, leak screening and monitoring cost about $.32,000 
annually per plant. At both gas processing plants and 
compressor stations, the investments are profitable 
generating as much as $314,000 in profit per facility, with 
payback periods of just a few months. Addifional detail is 
shown in Appendix A, Table A1 0. 

4.10.5 Additional Benefits 

The HPA has found that fugitive emission control provides 
numerous benefits including: reduced maintenance 
costs and downtime, improved process efficiency, a safer 
work environment, a cleaner environment, and resource 
conservation.'^* Leaking gases may also include toxic air 
pollutants known to harm human health. 

4.10.6 Limitations and Evaluation 

There are no major limitations or barriers to implementation 
of a leak tnonltoring and repair program. 

A simplified evaluation flowchart (Figure 37) is provided to 
show the basic steps for evaluating leak monitoring and repair. 
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Khuitf *i7 Leak Monitoring and Re^iait Evafuation Flowchart 
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NHDL supports establishing a fully effective system of 
safeguards to ensure that natural gas is produced, processed, 
stored^ anddistnbutedmawaythatensuresprotectionof 
our water, air. land, climate, human health, and sensitive 
ecosystems (tor more information on NRDC’s position on 
natural gas and tracking, go to http://wv!/w.nrdc.org/enetgy/: 
gasdrilling/) . The use of natural gas in our homes, power 
plants, and industry also must be as efficient as possible. 
Americans do not have to trade clean vv^ter and clean air for 
increased natural gas supplies. The O&G industry can and 
-should adopt the methane capture technologies discussed 
in this report, which are technically proven, commercially 
available, and profitable. \ 

Given our country’s gfowingreliance on natural gas and 
methane’s strong link to global warming, metliane emissions 
should be controiledto the maximum extent possible. It is 
fortunate that more than 80 percent of methane emissions 
could potentially he captured with the technologies 
highlighted in this report and yield billions of dollars in 
revenues through sale of the captured methane. Under these 
circumstances, there is a compelling case for companies to 
be required to adopt the best methane capture practices a.s 
soon as possible, and for government at all levels to take a far 
more active role in addressing market failures and requiring 
producers to adopt best practices. 

Takingthese considerations into account, several policy 
options can reduce metliane emissions acro.s.s the natural 
gas industry nationwide. NRDC recommends adoption of the 
policies outlined below: 

m The EPA's proposed NSPS and air toxics standards 
provide an important starting point for the reduction 
of air pollutants from O&G operations, with sub.stantial 
metlume co-benetits. Still, there are key ways in which 


these regulations can be improved, with robust mandates 
needed, as voluntary programs have proven insufficient. 
Federal regulations to control methane emissions 
would need to be adopted by states through their State 
Implementation Plans. The EPA should: 

• Regulate methane directly 

• Expand its proposal to include emission reduction 

requirements for existing sources that are the main 
contributors to VOC and methane emissions from 
the oil and natural gas industry. States would then 
be required to adopt methane leakage control 
measures for existing sources through their State 
Implementation Plans ^ 

• Ensure coverage of all major methane ehussion v 

sources forwhich controls are feasible, Including h , 
coalbed metliane wells and oil Vvells 

• Strengthen standards where possible. For example, the 
EPAshould raise standard.s for tank and dehydrator 
emissions reductions 

• Strengthen required procedures where possible. 

For example, the EPA should complement its Leak 
Detection & Repair program by requiring that best 
management practices be implemented, including 
process optimization and conducting more frequent 
leak surveys 

The EPA should continue To improve its mandatory 
greenhouse gas emissions reporting program for the O&G 
indiKtry so tliat methane emission sources can he better 
identified, and opportunities for reductions can be better 
targeted. Also, the EPA should provide a more detailed 
breakdown by source of methane emissions reductions 
achieved through tiie Natural Gas STAR program. 
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The HPA’s Natural Gas STAR program’s voluntary 
framework has encouraged companies to reduce 
methane emissions and document their reduction 
activities. Through Natural Gas STAR, techniques to 
reduce methane emissions have been tried and tested 
by some companies. Still, many effective reduction 
technologies have not been widely adopted by industry. 
To achieve significant industry-wide reductions, the 
most successfui practices documented by the Natural 
Gas STAR program need to becf)tne mandatory, throu^ 
era’s regulatory programs such as NSPS and NESHAPs. 
However, Natural Gas STAR should still play an important 
role in driving continued improvements that in turn can 
inform future revisions of EPA standards. 

Federal land management agencies, such as the Bureau 
of Land Management, should exercise their authority 
and responsibility to control methane Witste from oil and 
gas lease operations on federal lands. Land management 
agencies should: 

• Modernize agency policies to prevent waste of 
methcuie resources through deployment of all 
technically and economically viable methane 
emission reduction technologies and practices, and 
to estdlilish acceptable performance levels (i.e., 
levels of emissions beyond which p roduction of 
mineral resources should be prohibited) 

• Evaluate methane emission risks and reduction 
opportunities as both a climate and wa.ste problem 


through planning and environmental reviews before 
committing resources to development 

• Not commit resources to development where 
methane emissions cannot technicaiiy or 
economically be abated within acceptable 
perfonnance levels 

• Where lands are committed to development, 
mandate specific methane reduction technologies 
and practices appropriate to the particular 
production field or geologic formation under 
consideration 

• Shift the burden to oil and gas lessees and operators 
to demonstrate, before drilling permits are approved, 
that all reasonable and prudent methane emission 
prevention technologies and practices will be used, 
with land management agencies retaining full 
authority to mandate specific methane reduction 
technologies and practices or levels of perfonnance 

s States .should require the use of niethcuie control 

technologies. Several gas-producing states have already 
required methane pollution reduction measures 
to protect air quality and public health, mostly for 
large emission sources or in areas of concentrated 
development. These states, including Colorado, 
Wyoming, and Montana, provide a good start and 
model for action by other states and by federal agencies. 
Exceptions to these rules should be as narrow as possible. 
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The tables in Appendix A provide a detailed econoimc summa^ofthe lO methane: control technologies. A briet etxmomic 
summary was also provided in Table 4; The economiG analysis in tins appendix is presented in a manner that facilitates a ready 
coraparisonamongreportsfromvariou.ssouFces.BIankGeHsindicatemsufficientdatato.computevaiues. >: 

Where applicable, the ecimomics of the technolt^esare.alsocompacred with the BPA’s estimates from its proposed NSPS 
rulemaking. However. NHDC and otlter environmentaTo^nizations are concerned about potential deficiencies in the HPA’s 
cost-benefit estimates of methane control technologies.‘^Therefore» NHDC has not utilized the EPA’s NSPS estimates to 
inform the range of costs and benefits in this report, and instead has rehed heavily on iitdustry data and the EPA's Natural Gas 
STAR and Methane to Markets data. , , 

Each line in the tables below represents a different data source ora <fifferenf treatment within a source. Each line includes 
the source and year of the data (con'esponding to the sources citedin the body of this report). The "Tj'^pe” column describes 
any feature of tlie data, such as whether it was an upper bound or an average or based oft a particular kiitd of technology. The 
next c(?iumn specifies, if available, the number of devicesTor wells or installations) from which an average was obtained. The 
remaining columns discuss the economics of the technolo^es.:::^ : 

The terms used in the tables are consistent with common industry and accounting practices: 

• Total Investment: Total costs of implementing a technology: t^ically up-front costs, excluding ongoing operating and 
maintenance expense. 

• Annual investment expense; Effectiveinvestment cost spread outnvertheiiseftillife of the investment. In a tew tables, for 
simplicity this is just depreciation expense, using simple depreciation with no.salvage value. In otlier tables where more 
information is available, this includes joint depreciation and interest expenses using a capital recovery factor. 

• O&M expense: Operating and maintenance expense for technology deployment. 

• Total annual expense: Annual investment expense plus O&M expenses. 

• Revenue from NG: Revenue from the sale of natural gas, obtained by multiplying gas sales volume and price, 

• Other revenue; Revenues o ther than from the sale of natural gas. 

• OgfM savings: Operatingand maintenancesavings from technology deployment. 

• Total revenue plus savings; Sum of revenue and any O&M savings. 

• Payout: Period (in years) in which initial investment is paid back (i.e., total investment divided by totalrevenues, plus 
O&M savings, less O&M'Costsperyeat), 

• Operating profit excluding depreciation: Total revenues, plus O&M savings. lessO&M costs, excluding depreciation; akin, 
to EBITDA (earnings before interest, taxes, depreciation and amortization). This is sometirnes referred to as "profit" in 

■ the'text., . 

• Operating profit: Total revenues, plus O&M savings, Jess O&M costs, lessdepreciatiori (approximated to annual 
investment expense, as above); akin to EBIT (earnings before interest and taxes). 
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clays {API comments to EPA, EPA-HQ-OAR-2010-0505-4266!- 
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Conservative estimate based on the EPA range (360 Mcf/year to 36.000 Mcf/year). 
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’ EPA NSPS TSD, page 6-20, Table 6-8; based on individual compressor emissions reductions in tons per year. 
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^ t- L;S V 


API American Petroleum Ir 
W'V. AQ AirQu?!i*y 

8ACT Best Available Control Ter:riiio!r?gy 
c',,,',,BAT Best Available Technology 

bbl Barrels (equivalent tQ.42'gai(ons}.::v:::>:'-;V:-ro-.';^^ 
, Bcf Billion standard cubic feet '' 

Bcf/year Billion standard;cubic feet per year 
, : BMP Best Management Practices • 
bopd BarrelS'Ofoilperday ■' 

. BTU, British Thermal Unit ' : 

COA Concentrated Development Area ' 

'.'CO^^vtCarbonDioxtde' 

CO^e. -. Carbon Dioxide equivalent 
' OBG-'.V'iOiethylene'Glycol 
ODE;v':'U:'S;i:'.bepartrneht'OfEnergy ■ 
E8('P''T'Ex'pioration'& Pfoductiort ' . , 

B!A\'VTU';S;:Bhefgy;TnfQrrnatibn Administration'; ■ 
EPA:T:U;:S:;Ehvi;roh'me'ntarProtectiDh'Age , 

. , GRi';;:''Gas;Besearch;Th^ituteT;;':v 

GWP;:';';'6!obal.VVarm!hg'Potehtlai;:A';;::;:'A 

^HAPs;':;;R'azarddiiS'Air;'PoilutantS:'''''r:\\ 

HFCsCTHY'droflubracarbon's;;''' 

TlPCC' ■;intergavernime'ntarPanerbn''CTim^^ Change'. 
JPAD";.'. '■'Jonah-Pjhedale'Antictin'e'Develbp'mentArea': 
KWh :'''Ki'iDwatt-hour;'.'v.'::'''''''t..'.;':.';:''''\''' 

'''.iAER''.' Lowest Achie'vable'Ernis'sibn Rate ■ 
LDAr'^ Leak'Oetectioh& Repair; " i 
'■ 'MEG'.'Ethylene'Glycoi''.' 

Mt Metric ton [equivalent to 1:102 short tons) 
MMt". Million Metrictons".. 


-MMbiPieT«MOfrbmf^:lTic:toHsof Carbon Dioxide equivalent 
Mcf Thousandstandard cubic feet 
.'::: -MMcfd .\':Milljorf standard cubic feet per day , 
■;:|;N^'S|T:.hd^ti6'hah^^^ 

rhJ£SHARsv.yNationai\€fn!ssion Stendards for Hazardous Air Pollutants 
Present. Value 

- -.'NROG. AN3tural.Resources Defe 
.;„a: .NSPS:: New. Source Performance Standards 

vcR;i;Q&Mv;dp^^^^ . . , . 

rvi.CriiPRdsui^'Paitnefship, Reduction Opportunities. 

Pressure Relief Valve ^ .h';:T.TA';:(A;V;C;vC;T'i:;; 

;':Ah.vTpsr. , 'Pounds persquareJnCh..T'T';i'vTA:;;T;;':':;.;;':T;:;:;;T;;CA';;A 
■A-iAiffREC:.;; Reduced Emission Gohlp!et(oh.;h;'..:h';.T;A;;.;;;;;;h;;;;;;':v;;;;;^ 

Standard'cubic;feet;.;;\;;;;,;A;:;'.;;;:';T^::uh;;'.:'A;';A;;;ThTT;:A:AA 
'i.-'scfm Standard 
:;v;;;;;;''.TEG '. TnethyleneGly^ol;':':;;'';;.':' 

tpv Tbns;per;year'::'.;';vc:'.;;;;;A;v.;:A;''';;;';C;T:.'.';.h.TT'C;.;;;';;;.;'vC;;;; 
. TR'EG.v.;Tetraethylene;'GiYa3i.',.'C'.:'.T'.;i;;;'.;'^ 

'..Technical Support Dbcum'enlV.;;.' A;.. 

TWG ;; ■TechnicarWo'rkGrbup''.;;;;.^; 'i: 

....■..'.'U.S; '.■United Stat6S'..';'V:''.;';.C' 

. . VOCs . Volatile Organic Compounds . 

VRU. , Vapor Recovety Unit : ; 

WC! Western Climate Initiative; .. . .: 

WGA Western Governors Association 
WRAP Western Regional Air Partnership 
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68 26 No t Gree/i Comi^etions 
Z36;47. . No; 1-& 2 Green GompfetionsandPIunger lifts 
^561.:.-NG;:3-&4:DehydratorG0ntrols.s'...- 
:. - .4j33: . No;:6 Improved Compressor Maintenance . 

. 62:32 No. 7:Low.-Bleec{ or No-Bleed Controllers 
; v0:.15... No. 0 Pipeline Maintenance and Repair;. . •• 

. . 704. No.. Q.Vapor ReoJvery Units- ..' h 


PRODi 

Well lompietion. Woi'KOvers 

Welt Clean Ups slow oressure gas wells) 
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1.17 • No, 8 Pipeline Maintenance and Repair 
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8.64 

065 

023 

• 1.67 • No:.lO.LBalc:Monitonng and Repair 

48.35 


37.54 
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031 
3 59 
14:35 
■ u.ie 
15 67 
18 28 
463.73 
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13 93 
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; -.2% 

Pipeline Emissions ' ' 

17 35 

- No.'8 Pipeline Maintenance and Repair 

2% 

Tank Venting 

17t 

-Nm9Vapor RecoveryCnits ... 

• . ' ' 0% 

Engine & Turbine Exhaust ' 

1371 


• ■ ' - - ' ' '2% 

Fugitive Emissions ' ' '' ^ 
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013 
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0% 

Fugitive Emissions (Pipeline and Meter 

71 55 

.N 0 ..IO Leak: Monitoring and Repair 
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Pressure Relief Valves & Mishaps 
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Subtotal of Emissions Controllable 
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“FUGITIVE METHANE EMISSIONS FROM OIL AND GAS OPERATIONS” 
BEFORE THE COMMITTEE ON ENVIRONMENT & PUBLIC WORKS 
SUBCOMMITTEE ON OVERSIGHT 
U.S. SENATE 
NOVEMBERS, 2013 


Dr. Vignesh Gowrishankar 
Staff Scientist 

Natural Resources Defense Council 


Questions from Senator Barbara Boxer 


/. The University of Texas study entitled "Measurements of methane emissions at natural gas 
production sites in the United States, " Proceedings of the National Academy of Sciences 
(October 29, 2013) ("UT Study") found that 33% of the surveyed well completions at sites that 
were selected by the nine natural gas companies did not use reduced emission completions 
(REC) to control well flow back emissions. The Environmental Defense Fund’s "FAQ About the 
University of Texas Methane Study" states that these non-REC wells "had low initial gas 
production compared to the controlled wells" and that "the wells with uncontrolled releases had 
much lower than average potential to emit. " Given the industry selection of the sites and the 
lower emitting potential of these uncontrolled, non-REC wells, does the collected data allow for 
any type of rigorous conclusions about the current national level of REC utilization or the 
methane emission rates from uncontrolled well sites that were not surveyed as part of the study? 

in this context, the UT Study collected data front 27 wells in different regions and with different 
operational and emissions profiles. As noted in the question, nine of these wells did not use 
RECs as they were expected to have lower initial gas production. 27 wells represent a small 
fraction of the roughly half-million natural gas wells in the US. Also, these wells are operated by 
a few companies that are partnering with UT in this study, and, as such, are not representative of 
the operations of a large number of other natural gas companies. 

Accordingly, the UT Study data does not allow extrapolation to a national level of either the 
level of REC utilization or emission rates of wells that do not utilize RECs. As for the level of 
REC utilization, this is currently difficult to gauge due to the lack of coordinated reporting. 
However, completion emissions from many gas wells may be expected to be suitably controlled 
by 2015 as per EPA’s 2012 new source performance standards. While the UT Study found that 
the third of the well sites in their study that did not use RECs may have had low potential 
emissions rates, I am not aware of any data supporting an extrapolation of that percentage to the 
well population nationwide. Additional research and data are needed to characterize on a national 
basis both the range of potential emissions rates from uncontrolled well sites and the percentage 
of wells that have very low potential emissions rates. 
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2. Several other peer reviewed studies have analyzed the methane emission rates associated with 
oil and gas drilling and found the emission rates to be significantly higher than emission rates 
derived from the data collected in the UT Study. Does the UT Study invalidate the findings of the 
following two peer reviewed studies? If your answer is in the affirmative, please provide the 
published peer review literature other than the UT Study that supports such a conclusion. 

• Anna Karion, et al (2013) "Methane emissions estimate fi-om airborne measurements 
over a western United States natural gas field, " Geophysical Research Letters Volume 
40, Issue 16, pages 4393-4397. 

• J. Peischl, et al, (2013) "Quantifying sources of methane using light alkanes in the Los 
Angeles basin, California." Journal of Geophysical Research: Atmospheres, Volume IIS, 
Issue 10, pages 4974-4990. 

The UT Study is a rigorous study of a limited set of wells and equipment during the extraction 
and production of natural gas. It is fundamentally a “bottom-up” study, which aggregates leakage 
by multiplying the number of wells, compressors and other pieces of equipment, by assumed or 
measured leakage rates. This particular study throws light on only the first step of the natural gas 
supply chain - extraction and production. Furthermore, the small sample set is not representative 
of operations across the country. 

In contrast, the two studies referenced in the question use a “top-down” approach that measures 
actual methane pollution in the atmosphere and attributes it to natural gas operations. 
Accordingly, such an approach provides a reality check on possible shortcomings with 
traditional “bottom-up” approaches, which may have overlooked significant leakage sources 
and/or used outdated assumptions. These “top-down” studies may also include emissions from 
outside the extraction and production step, such as processing and storage. The two studies 
referenced here are for specific oil and/or natural gas producing regions in Utah and California, 
respectively. A third recent study' of atmospheric methane emissions with a national focus has 
also indicated that methane emissions from oil and gas operations could be much higher than 
reported by the latest EPA inventory. 

The different studies do not invalidate each other by any means, but they do raise important 
questions as to why there is a wide discrepancy in the emissions suggested by them. Further 
emissions measurements of different kinds need to be continued, and their results dissected and 
analyzed, to develop a truly representative picture of the emissions profile of the oil and natural 
gas industry at a national level. 

Nonetheless, that should not delay us from acting now. We already know that methane emissions 
are a significant problem, and technically feasible and cost-effective solutions are available to 
stem this pollution. We need strong standards to ensure that such pollution is curbed industry- 
wide. 


^ Scot M. Miller et al.. Anthropogenic emissions of methane in the United States, PNAS 2013; published ahead of 
print November 25, 2013, doi:10.1073/pna5,1314392110. 
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3. EPA 's New Source Performance Standards for Oil and Gas Production do not currently 
contain requirements to control the emissions from many types of emissions control equipment 
used at oil and gas wells. Would the establishment of standards for pneumatic devices at wells, 
pressure relief valves at storage tanks, and the compressors and pressurized motors used to 
move natural gas through processing plants and pipelines reduce VOC, methane and other 
emissions? 

Yes, the establishment of standards for other equipment at oil and gas wells and elsewhere in the 
supply chain would appreciably reduce VOC, methane and other emissions. 

Based on internal estimates using EPA 2013 inventory data,^ we think that the EPA standards 
will reduce approximately only 10-15 percent^ of the industry’s total annual emissions in the 
near-term. As old equipment is replaced over time and new equipment becomes subject to the 
standards, by 2035, annual emissions reductions could increase to approximately 25-30 percent 
of the total. 

Therefore, in order to be more effective, all significant emissions sources, and both existing and 
new sources of emissions, must be controlled. 

During the extraction and production steps in particular, aside from well emissions, the major 
sources of emissions include pneumatic controllers, equipment leaks, storage tanks, compressors 
and pumps. These could constitute upwards of one third of potential emissions. Therefore, 
requiring standards for such equipment could significantly reduce emissions. 

Across the entire natural gas supply chain, the major sources are similar to those above. As per 
estimates based on our Leaking Profits^ report, requiring standards for this equipment, along 
with controls for well emissions, could address and potentially reduce a high percentage of total 
emissions, in the vicinity of 60-75 percent.* 


^ EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2011, April 2013, available at 
http://www,epa,gov/climatechange/ghgemissions/usinventoryreport.html. Emissions reductions from sources 
that will be controlled by EPA's standards are aggregated, and divided by total annual emissions to calculate 
percentage emissions reductions. Emissions reductions primarily include reductions from well completions, certain 
new pneumatic controllers, compressors and storage vessels, and equipment at new gas processing plants. This 
assumes reasonable turnover rates for equipment, and looks at years immediately following full implementation of 
the standards. 

^ This number would depend on the size of the total emissions inventory (noting that there has been and continues 
to be uncertainty in these emissions), as well as other factors such as the technical applicability of the standards, 
exemptions and enforcement. 

James Bradbury, Michael Obeiter, Lauren Draucker, Wen Wang, Amanda Stevens, Clearing the Air; Reducing 
Upstream Greenhouse Gas Emissions from U.S. Natural Gas Systems, published by World Resources Institute, April 
2013, available at http://www.wri.org/pubiication/clearing-air.This report was based on EPA's Inventory published 
in 2012, but the results are roughly similar after making adjustments using EPA's 2013 Inventory data. 

^ Susan Harvey, Vignesh Gowrishankar and Thomas Singer, Leaking Profits: The U.S. Oil and Gas Industry Can 
Reduce Pollution, Conserve Resources, and Make Money by Preventing Methane Waste, published by NRDC, April 
2012, available at http://www.nrdc.org/energy/leaking-profits.asp. 

^ Leaking Profits was based on EPA's Inventory published in 2011, and estimated that more than 80 percent of 
emissions could be addressed and potentially controlled by ten technically feasible and cost-effective technologies. 
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Accordingly, NRDC recommends that the federal government require the following additional 

measures to reduce methane emissions further: 

• Controls for existing equipment (not just new or modified ones), particularly existing 
compressors and pneumatic controllers, for which reducing emissions is particularly cost- 
effective. 

• Green completions (or other emission control practices) for associated or co-producing wells, 
which produce both oil and gas. 

• Plunger lift systems (or similar approaches) at existing gas- or oil-producing wells that vent 
methane during clean-up operations. 

• Rigorous leak detection and repair protocols that are able to detect a variety of leaks, 
efficiently over the numerous sources within the oil and gas industry, and repair them 
effectively and in a timely fashion. 

• A suite of emission control measures that apply to the downstream portion of the natural gas 
supply chain where gas is stored, transported and piped to residential, commercial and 
industrial end-users. This includes leak detection and repair of corroded and leaky pipelines; 
replacement of leaking pneumatic controllers, compressors and other components; and the 
use of smart pipeline repair techniques that vent less methane. 


4. EPA 's New Source Performance Standards for Oil and Gas Production do not contain 
requirements to control the completion and production emissions from wells that co-produce oil 
and natural gas. Do such co-produced wells release POCs, methane and other emissions that 
can be controlled through reduced emission completions and other readily available 
technologies? 

Yes, co-producing wells do release VOCs, methane and other emissions that can be significantly 
controlled through the use of reduced emissions completions and other available technologies. 

As a clarification, the EPA's New Source Performance Standards apply to (onshore) wells drilled 
principally for production of natural gas. It is therefore presumed that the standards would not 
typically apply to oil wells that are drilled principally for the production of oil, although they 
would apply to co-producing wells that are drilled principally for the production of gas. 

Attempting to classify any particular well as an “oil” or “gas” well can be misleading, 
particularly in unconventional formations, as so-called “oil” wells will also produce gases such 
as methane, VOCs and other pollutants. The amount and proportions of these gases will vary 
widely, depending on region, type of source rock and operational details. Therefore, the use of 
reduced emissions completions or other equipment to capture the gas, for sale, onsite use or 
flaring, would reduce atmospheric release of these ^ases. Even in the case of co-producing wells 
the use of green completions can be cost-effective. ' 


Making minor adjustments based on the most recent EPA Inventory published in 2013, relevant technologies 
discussed in Leaking Profits could still be able to address and potentially control 60-75 percent of total emissions. 

' Memorandum titled "Methods Memo on VOC Cost-Effectiveness in Controlling Bakken Shale Combined Oil and 
Gas Wells During Well Completion", prepared by Leland Deck, Stratus Consulting for Environmental Defense Fund, 
submitted to EPA New Source Performance Standards proposed rule docket on April 2, 2012, docket reference 
number EPA-HQ-OAR-2010-0505-4A90. 
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Questions from Senator David Vitter 

I. Dr. Gowrishankar, in your "Leaking Profits'' study did you review the technical feasibility of 
all the control technologies you recommended? If not, how is it possible to make claims they are 
cost effective if some of them can't be deployed? 

The ten technologies that were discussed in Leaking Profits are indeed technically feasible and 
commercially viable technologies. The principal author of the report is an oil and gas consultant 
with over 25 years of experience as a petroleum and environmental engineer. In addition, the 
report referred to numerous technical documents, including those published in academic peer- 
reviewed journals and by the U.S. EPA. The report also referred to presentations and documents 
by companies that had used these technologies in the field and had found them to be effective in 
reducing emissions, while generating net revenue. The ten technologies were chosen for their 
combination of technical feasibility, commercial viability based on actual use, and potential to 
cut emissions. Accordingly, we are confident that the technologies are technically feasible and 
commercially viable. 


2. Do you acknowledge that there is a major difference between the amount of natural gas a 
company will allow to flow back when using a green completion as opposed where no green 
completion is being used and gas is simply being emitted into the atmosphere? 

Based on my interpretation of the question as written above, yes, there is a difference between 
the amount of natural gas that is leaked into the atmosphere with and without the use of green 
completions. With the use of green completions, it has been shown that easily more than 95 
percent of emissions from the flowback that would be otherwise leaked into the atmosphere can 
be captured or controlled. Without the use of green completions, the amount of gas emitted into 
the atmosphere would depend on the well and hydraulic fracturing characteristics, but would 
likely be much larger than in the previous case. Therefore, we strongly support EPA’s 2012 new 
source performance standards that require the use of green completions. 


3. How do you personally distinguish between a "benefit" and a "co-benefit?" If the "co-benefit" 
greatly outweighs the "benefit" at what point is a regulation actually about what might be 
labeled a "co-benefit?" 

A particular standard may have “benefits” and “co-benefits” that happen alongside. For 
regulatory purposes, a “benefit” is a positive effect of the standard directly tied to the statutory 
obligation the standard fulfills (e.g., control of a target pollutant), while a “co-benefit” is an 
additional positive effect of the standard. A complete regulatory impact assessment will capture 
both benefits and co-benefits. 

In the case of emissions from the natural gas industry, significant public health and 
environmental harms are caused by the emissions of pollutants that are regulated under three 
different programs - volatile organic compounds (VOCs), hazardous air pollutants (HAPs), and 
methane, a greenhouse gas with at least 25 times the heat-trapping potency of carbon dioxide. 
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Reducing the leakage of all these pollutants creates benefits for public health and the 
environment. To date, EPA has directly regulated VOCs in its 2012 new source performance 
standards, alongside which it also promulgated hazardous air pollutant standards for HAPs. The 
Clean Air Act’s Section 111, however, also requires regulation of methane from the oil and gas 
sector. When EPA fulfills that legal obligation, methane reductions that EPA currently counts as 
a “co-benefif’ of VOC and HAP standards will be treated as a direct benefit. 


4. You mention in your testimony that NRDC s top institutional priority is curbing global 
warming and building the clean energy future. 

a) How many legal challenges to renewable energy projects has NRDC been a party to 
since this became the group ’s "top institutional priority? " 

b) Can you identify any countries who have successfully built a "clean energy future" 
whose lead the United States should follow? 

c) Does NRDC consider nuclear energy as part of a "zero-emissions sources "future? 

a) NRDC is a strong supporter of well-sited renewable energy. NRDC has been party to one 
legal challenge to one renewable energy project in the last five years, and the case was first put 
on hold and then dropped because the developer chose not to proceed with the project. NRDC 
has also helped to defend a renewable energy project that was challenged in court by opponents. 

b) The United States is already a leader in clean energy technology innovation, and we should 
never accept follower status. The clean energy economy is the fastest growing part of our energy 
economy, and we can and should lead the world to a cleaner, healthier, more prosperous future. 
Of course we can learn lessons from the renewable energy successes that countries such as 
Germany, Great Britain, Spain, Portugal, Denmark, China and Brazil have achieved as they 
install and produce ever larger amounts of renewable energy, as well as from the challenges and 
setbacks that they have encountered along the way. We should learn also from the efforts and 
successes of the geographically diverse states which are leading the U.S. in wind and solar 
energy production, including California, Texas and Iowa, which lead the U.S. in wind energy 
installations, as well as Arizona, North Carolina and New Jersey, which are among the top states 
for solar power. The key policy learning is the need for stable incentives for demand, production, 
manufacturing and innovation. 

c) NRDC does not oppose nuclear power; however, in NRDC’s judgment, nuclear power has 
longstanding, substantial, unresolved issues regarding safety, non-proliferation, waste and cost. 
NRDC works as a national environmental advocacy organization to address these nuclear issues. 
Regarding nuclear energy’s role in climate change mitigation, NRDC prioritizes reducing carbon 
pollution from the existing fleet of fossil-fired power plants by investing in energy efficiency, 
expanding the use of wind, solar and other sources of renewable power, and shifting generation 
from high-carbon-emitting existing units towards lower-carbon-emitting ones. 
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Senator Whitehouse. Thank you very much, Dr. Gowrishankar. 

Our next witness is Mr. Darren Smith, who is the Environmental 
Manager for Devon Energy Corporation, a Fortune 500 company 
headquartered in Senator Inhofe’s home State in Oklahoma City. 
He served there since January 2009. Devon’s oil and natural gas 
exploration production operations are focused onshore in the 
United States and Canada, and the company owns natural gas 
pipelines and treatment facilities in many of its producing areas, 
making it one of North America’s largest processors of natural gas 
liquids. 

Mr. Smith earned his undergraduate degree in biology from the 
University of Western Ontario and he earned a Master of Science 
in environmental toxicology from the University of Wyoming-Lar- 
amie. We welcome him here today. 

Mr. Smith. 

STATEMENT OF DARREN SMITH, ENVIRONMENTAL MANAGER, 
DEVON ENERGY CORPORATION 

Mr. Smith. Thank you. Chairman, for that introduction. Ranking 
Member Vitter and Ranking Member Inhofe, thank you for the op- 
portunity to testify here today about this very important issue. My 
name is Darren Smith. I am Devon Energy’s environmental policy 
manager. 

Devon Energy Corporation is a leading independent oil and nat- 
ural gas exploration and production company with operations fo- 
cused onshore in the U.S. and Canada. We operate in several of the 
major shale basins in the United States. 

Devon has been actively engaged in the last several years in ef- 
forts to demonstrate to EPA that its method of estimating methane 
emissions from oil and gas operations is fundamentally flawed and 
is resulting in ^oss overestimates. I testified to that effect last 
June and extensively described how this faulty data had been con- 
taminating critical public policy research and considerations. 

Since that time, Devon has continued to engage EPA in construc- 
tive dialog, providing method suggestions and data, some of its 
from EPA’s own greenhouse gas reporting program, to encourage 
EPA to revise the factor that it uses to estimate methane emissions 
from hydraulically fractured natural gas wells. 

This work is ongoing and Devon remains encouraged that EPA 
will act swiftly to revise its data. The UT-EDF Fugitive Methane 
Study that we are discussing today, one that EPA, environmental 
groups, and industry hold in high regard, confirms what Devon has 
been telling EPA for the last 2 years, that its estimate for rep- 
resenting methane emissions from hydraulically fractured natural 
gas wells is an order of magnitude too high. The study confirms 
that this EPA estimate is in fact 50 times too high. 

The time for EPA to finally revise this erroneous emission data 
is now. There is both consensus and confidence in the data that in- 
dustry has provided, in the data that has been provided to EPA 
under its greenhouse gas reporting program, and now in this peer- 
reviewed scientific study. 

Immediate action is vital because EPA estimates have been re- 
lied upon by researchers, financial analysts, and various policy- 
makers as a basis for critical public policy considerations. In fact. 
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a recently finalized EPA regulation on the oil and gas industry was 
justified using this inaccurate data. Equally troubling is a group of 
Northeastern States that is threatening to sue EPA if it doesn’t 
propose additional emission requirements on the oil and gas sector. 
All this is driven by the Agency’s use of this flawed data. EPA 
must immediately revise its data to more accurately reflect emis- 
sions associated with the source category before further harm is 
done. 

Devon applauds the researchers and the companies that partici- 
pated in the UT-EDF study for their efforts to shed a necessary sci- 
entific light on the topic of fugitive methane emissions from oil and 
gas operations. It is unfortunate that some of the headlines and 
discussions surrounding the release of the study suggest that the 
low emission performance by the oil and gas industry is due solely 
to recent EPA regulation that forces industry to use emission con- 
trol equipment. The study fails to recognize that, in fact, the indus- 
try had been already voluntarily using many of these controls prior 
to the EPA mandate, and I should add that the mandate that we 
are describing had been justified in part using the flawed emission 
estimate that we are talking about today. 

Despite the study’s findings that emissions from hydraulically 
fractured wells are 50 times lower than what EPA previously esti- 
mated, the study concludes that, overall, when other methane 
emission sources are added, methane emissions from gas oper- 
ations are about the same as EPA previously reported in their in- 
ventory. 

One source, pneumatic controllers, devices that use gas pressure 
from the well to maintain fluid levels at a well site when no elec- 
tricity is available, were found by the study to emit more than 
EPA’s prior estimate, thus offsetting the significant decline in 
emissions from completions with hydraulic fracturing. The end re- 
sult is that the overall estimate of methane emissions from the en- 
tire system are about 10 percent lower than EPA’s. 

Many in the industry question whether conclusions about meth- 
ane emissions from these pneumatic devices are premature since it 
is known that they will be studied further in phase two of the 
study, and the researchers have admitted “There was significant 
geographic variability in the emissions rate from pneumatic con- 
trollers between production regions” and, further, that “emissions 
per controller from the Gulf Coast are highest and are statistically 
different than emissions from controllers in the Rocky Mountain 
and Appalachian regions” and, further, “the difference in average 
values is more than a factor of 10 between Rocky Mountain and 
Gulf Coast regions.” 

The bottom line here is that the researchers admittedly cannot 
explain this variability and have therefore correctly concluded that 
more study is needed in order to correctly establish what represent- 
ative emissions are from these devices. We are confident that phase 
two of the study will ultimately show that a few high emission 
measurements in one part of the country are not indicative of the 
nationwide average. In fact, it is likely that phase two will lead to 
a downward revision of the emission estimates for these devices, 
from what was found in phase one, as we understand that three 
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out of the four regions already studied have demonstrated low 
emissions from these devices. 

This would mean that the overall methane emissions from gas 
production would fall even further below the study’s current esti- 
mate of .42 percent of gross production and remain less than one- 
third to one-sixth of what critics believe is necessary for natural 
gas to benefit the climate. 

One cannot lose sight of the fact that gas producers are in the 
business of selling methane and industry will continue to make im- 
portant innovations to improve efficiency and further reduce emis- 
sions. Not only is this a reflection of a strong commitment to envi- 
ronmental stewardship, but it is in the companies’ best interest to 
do so because methane leaks represent lost revenue. I am confident 
that future studies like the one we are discussing today will con- 
tinue to reinforce this business fundamental. 

With that, this concludes my testimony. Thank you. 

[The prepared statement of Mr. Smith follows:] 
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Testimony of Darren Smith, Environmental Policy AAanager, Devon Energy 
Corporation 

Before the Oversight Subcommittee of the Environment and Public Works 
Committee; Washington, D.C. November 5, 2013. 

Chairman Whitehouse, Ranking Member Inhofe, members of the Subcommittee: good 
afternoon and thank you for the opportunity to testify on such an important issue. 

My name is Darren Smith and I am Devon Energy’s Environmental Policy Atenager. 

Devon Energy Corporation is a leading independent oil and natural gas exploration and 
production company, with operations focused onshore in the United States and 
Canada, in several of the major U.S. shale basins. 

Devon has been actively engaged for the last several years in efforts to demonstrate 
to EPA that its method of estimating methane emissions from oil and gas operations is 
fundamentally flawed, resulting in gross overestimates. I testified to that effect in 
June of last year, and extensively described how this faulty data has been 
contaminating critical public policy research and considerations. 

Since that time, Devon has continued to engage EPA in constructive dialogue, 
providing methodological suggestions and data - some of it from EPA’s own 
greenhouse gas reporting program — to encourage EPA to revise the factor that it uses 
to represent methane emissions from hydraulically fractured natural gas wells. 

This work is ongoing and Devon remains encouraged that EPA will act swiftly to revise 
its data. The UT-EDF Fugitive Methane Study that we are discussing today - one that 
EPA, environmental groups and industry hold in high regard - confirms what Devon 
has been telling EPA for more than two years: that its emission estimate for 
hydraulically fractured gas wells is an order of magnitude too high. The Study 
confirms that this EPA estimate is in fact around 50 times too high. 

The time for EPA to finally revise this erroneous emissions data is now. There is both 
consensus and confidence in the data that industry has provided, in the data reported 
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to EPA under its own greenhouse gas reporting rule, and in this new peer- reviewed 
scientific study. 

Immediate action is vital because the EPA estimates have been relied upon by 
researchers, financial analysts and various policy makers as a basis for critical public 
policy considerations. In fact, a recently finalized EPA regulation on the oil and gas 
sector was justified using this inaccurate data. Equally troubling, a group of North 
Eastern states is threatening to sue EPA if it doesn’t propose additional emissions 
regulations on the sector, in light of the Agency’s use of flawed data. EPA must 
immediately revise its data to more accurately reflect emissions associated with this 
source category, before further harm is done. 

Devon applauds the researchers and companies that participated in the UT-EDF Study, 
for their efforts to shed a necessary scientific light on the topic of fugitive methane 
emissions from oil and gas operations. Importantly, while some of the headlines and 
discussion surrounding the release of this study suggest that the low emission 
performance by the oil and gas industry is due solely to recent EPA regulations that 
force industry to use emission control equipment, this is misleading. The Study fails to 
recognize that in fact the industry was already voluntarily using many of these 
controls prior to the EPA mandate. I might add, that this mandate was actually 
justified in part using the flawed emissions estimate that we are discussing today. 

Despite the Study’s finding that emissions from hydraulically fractured wells are 50 
times lower than what EPA previously estimated, the Study concludes that when other 
methane emission sources are added, methane emissions from overall gas operations 
are about the same as EPA previously reported in their inventory. 

One source, pneumatic controllers — devices that use gas pressure from the well to 
maintain fluid levels and pressures at a well-site when no electricity is available - 
were found by the Study to emit more than EPA’s prior estimate, thus offsetting the 
significant decline in emissions from completions with hydraulic fracturing. The end 
result is that the overall estimates of methane emissions from the entire system are 
about 10% lower than EPA’s. 
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Many in the industry question whether conclusions about methane emissions from 
these pneumatic devices are premature since it is known that they will be analyzed 
further in Phase Two of the Study and the researchers have admitted on page 31 of 
the appendix: “ There was significant geographical variability in the emissions rate 
from pneumatic controllers between production regions” and further, that: 

“Emissions per controller from the Gulf Coast are highest and are statistically 
different than emissions from controllers in the Rocky Mountain and Appalachian 
regions,” and further “The difference in average values is more than a factor of 10 
between Rocky Mountain and Gulf Coast regions.” 

The bottom line is that the researchers admittedly cannot explain this variability and 
have therefore correctly concluded that more study is needed in order to correctly 
establish what representative emissions are from these devices. We’re confident that 
Phase Two of the Study will ultimately show that a few high emission measurements 
in one part of the country are not indicative of the nation-wide average. In fact, it’s 
likely that Phase Two will lead to a downward revision of the emissions estimates 
from Phase One, as we understand that three out of the four regions already studied 
have demonstrated low emissions from these devices. 

This would then mean that the overall methane emissions from gas production would 
fall even further below the Study’s current estimate of 0.42 % of gross production 
and remain less than one-third to one-sixth of what critics believe is necessary for 
natural gas to benefit the climate. 

One cannot lose sight of the fact that natural gas producers are in the business of 
selling methane and the industry will continue to make important innovations to 
improve efficiency and further reduce emissions. Not only is this a reflection of a 
strong commitment to environmental stewardship, but it is in companies’ best 
interest to do so, because methane leaks represent lost revenue. I’m confident that 
future studies like the one we’re discussing today will continue to reinforce this 
business fundamental. 


This concludes my testimony. Thank you. 
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Questions from Senator Barbara Boxer: 

1. EPA's new Source Performance Standards for Oit and Gas Production do not currently contain 
requirements to control the emissions from many types of emissions control equipment used 
at oil and gas wells. Would the establishment of standards for pneumatic devices at wells, 
pressure relief valves at storage tanks, and the compressors and pressurhed motors used to 
move natural gas through processing plants and pipelines reduce VOC, methane and other 
emissions? 

Reponse: Each of the devices listed in the above question are in fact already regulated under EPA's NSPS 
0000, which was first finalized in August 2012. As such, standards have already been set by EPA for 
pneumatic devices at well sites, storage tanks, and both reciprocating and centrifugal compressors at 
gas processing facilities. 1 have copied the specific reference for each, under NSPS 0000 below. 

Pneumatic Control devices at wells are regulated under 40 CFR § 60.5390 as follows: 


§60.5390 What standards apply to pneumatic controller affected facilities? 

For each pneumatic controller affected facility you must comply with the VOC standards, 
based on natural gas as a surrogate far VOC, in either paragraph (b)(1) or (c)(1) of this 
section, as applicable. Pneumatic controllers meeting the conditions in paragraph (a) of 
this section are exempt from this requirement. 

(a) The requirements of paragraph (b)(1) ar (c)(1) of this section are not required if you 
determine that the use of a pneumatic controller affected facility with a bleed rate 
greater than the applicable standard is required based an functional needs, including but 
not limited to response time, safety and positive actuation. However, you must tag such 
pneumatic controller with the month and year of installation, reconstruction or 
modification, and identification information that allows traceability to the records for 
that pneumatic controller, as required in §60.5420(c)(4)(ii). 

(b) (1) Each pneumatic controller affected facility at a natural gas processing plant must 
have a bleed rate of zero. 

(2) Each pneumatic controller affected facility at a natural gas pracessing plant must be 
tagged with the month and year of Installation, reconstruction or modification, and 
Identification information that allows traceability to the records for that pneumatic 
controller as required in §60.5420(c)(4)(iv}. 

{c)(l) Each pneumatic controller affected facility constructed, modified or reconstructed 
on or after October 15, 2013, at a location between the wellhead and a natural gas 
processing plant or the paint of custody transfer to an oil pipeline must have a bleed rate 
less than or equal to 6 standard cubic feet per hour. 

Storage Tank Emissions are in fact specifically covered under 40 CFR § 60.5395. These regulations would 
apply to any emissions from the storage tank, and not just from pressure relief valves. They are 
regulated as follows: 

§60.5395 What standards apply to storage vessel affected facilities? 

Except as provided in paragraph (h) of this section, you must comply with the standards 
in this section for each storage vessel affected facility. 

(a)(1) If you are the owner or operator of a Group 1 storage vessel affected facility, you 
must comply with paragraph (b) of this section. 
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(2) If you are the owner or operator of o Group 2 storage vessel affected facility, you 
must comply with porograph (c) of this section. 

(b) Requirements for Group 1 storage vessel affected facilities. If you ore the owner or 
operator of a Group 1 storage vessel affected facility, you must comply with parogrophs 

(b) (1) and (2) of this section. 

(1) You must submit a notification identifying each Group 1 storage vessel affected 
facility, including its location, with your initial annual report os specified in 
§60.5420(b)(6)(iv}. 

(2) You must comply with paragraphs (d) through (g) of this section. 

(c) Requirements for Group 2 storage vessel affected facilities. If you are the owner or 
operator of o Group 2 storage vessel affected facility, you must comply with paragraphs 

(d) through (g) of this section. 

(d) You must comply with the control requirements of paragraph (d)(1) of this section 
unless you meet the conditions specified in paragraph (d)(2) of this section. 

(1) Reduce VOC emissions by 95.0 percent according to the schedule specified in (d}(l){i) 
and (ii) of this section. 

(1) For each Group 2 storage vessel affected facility, you must achieve the required 
emissions reductions by April 15, 2014, or within 60 days after startup, whichever is 
later. 

(ii) For each Group 1 storage vessel affected facility, you must achieve the required 
emissions reductions by April 15, 2015. 

(2) Maintain the uncontrolled actual VOC emissions from the storage vessel affected 
facility at less than 4 tpy without considering control. Prior to using the uncontrolled 
actual VOC emission rate for compliance purposes, you must demonstrate that the 
uncontrolled actual VOC emissions have remained less than 4 tpy os determined monthly 
for 12 consecutive months. After such demonstration, you must determine the 
uncontrolled actual VOC emission rate each month. The uncontrolled actual VOC 
emissions must be calculated using a generally accepted model or calculation 
methodology. Monthly calculations must be based on the overage throughput for the 
month. Monthly calculations must be separated by at least 14 days. You must comply 
with paragraph (d)(l} of this section if your storage vessel affected facility meets the 
conditions specified in paragraphs (d)(2)(i) or (ii) of this section. 

(1) If a well feeding the storage vessel affected facility undergoes fracturing or 
refracturing, you must comply with paragraph (d)(1) of this section os soon os liquids 
from the well following fracturing or refracturing are routed to the storage vessel 
affected facility. 

(ii) If the monthly emissions determination required in this section indicates that VOC 
emissions from your storage vessel affected facility increase to 4 tpy or greater and the 
increase is not associated with fracturing or refracturing of a well feeding the storage 
vessel affected facility, you must comply with paragraph {d)(l) of this section within 30 
days of the monthly calculation. 

(e) Control requirements. (1) Except as required in paragraph (e)(2) of this section, if you 
use a control device ta reduce emissions from your storage vessel affected facility, you 
must equip the storage vessel with a cover that meets the requirements of §60.5411(b) 
and is connected through a closed vent system that meets the requirements of 
§60.5411(c), and you must route emissions to a control device that meets the conditions 
specified in §60.5412(c} and (d). As on alternative to routing the closed vent system to a 
control device, you may route the closed vent system to a process. 

(2) If you use o floating roof to reduce emissions, you must meet the requirements of 
§60.112b(a)(l) or (2) and the relevant monitoring, inspection, recordkeeping, and 
reporting requirements in 40 CFR part 60, subpart Kb. 
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(f) Requirements for storage vessel affected facilities that are removed from service. If 
you are the awner or operator of a storage vessel affected facility that is removed from 
service, you must comply with paragraphs (f)(1) and (2) of this section. 

(1) You must submit a notification in yaur next annual report, identifying all storage 
vessel affected facilities removed from service during the reporting period. 

(2) If the storage vessel affected facility identified in paragraph (f)(1) of this section is 
returned to service, you must comply with paragraphs (f)(2)(i) thraugh (Hi) of this 
sectian. 

(i) If returning your storage vessel affected facility to service is associated with fracturing 
or refracturing of a well feeding the storage vessel affected facility, you must comply 
with paragraph (d) of this section immediately upon returning the storage vessel to 
service. 

(ii) If returning your storage vessel affected facility to service is not associated with a 
well that was fractured or refractured, you must comply with paragraphs (f)(2)(ii)(A) and 
(B) of this section. 

(A) You must determine emissions as specified in §60.5365(e) within 30 days of returning 
your storage vessel affected facility to service. 

(B) If the uncontrolled VOC emissions without considering control from yaur storage 
vessel affected facility ore 4 tpy or greater, you must comply with paragraph (d) of this 
section within 60 days of returning to service. 

(Hi) You must submit a notification in your next annual report identifying each storage 
vessel affected facility that has been returned to service. 

(g) Compliance, notification, recordkeeping, ond reporting. You must comply with 
paragraphs (g)(1) through (3) of this section. 

(1) You must demonstrate initial compliance with standards as required by §60.5410(h) 
and (i). 

(2) You must demonstrate continuous compliance with standards os required by 
§60.5415(e)(3). 

(3) You must perform the required notification, recordkeeping and reporting os required 
by §60.5420. 

(h) Exemptions. This subpart does not apply to storage vessels subject to and controlled 
in accordance with the requirements for storage vessels in 40 CFR port 60, subport Kb, 

40 CFR part 63, subparts 6, CC, HH, or WW. 

Also, Compressors at processing plants are In fact covered under 40 CFR § 60.5380 and 40 CFR § 
60.5285. I am interpreting the term "pressurized motors" to refer to the engines that drive the 
compressors in question, which would be covered under these regulations and also NESHAP ZZZ2, NSPS 
JJJJ, and NSPS Mil as well: 

§60.5380 What standards apply to centrifugal compressor affected facilities? 

You must comply with the standards in paragraphs (a) through (d) of this section for 
each centrifugal compressor affected facility. 

(a) (1) You must reduce VOC emissions from each centrifijgol compressor wet seal fluid 
degassing system by 95.0 percent or greater. 

(2) If you use a control device to reduce emissions, you must equip the wet seal fluid 
degassing system with a cover that meets the requirements of §60.5411(b), that is 
connected through o closed vent system that meets the requirements of §60.5411(a) and 
rauted ta a cantrol device that meets the canditions specified in §60.5412(a), (b) and (c). 

As an alternative to routing the closed vent system to o control device, you moy route 
the closed vent system to a process. 

(b) You must demonstrate initial compliance with the standards that apply ta centrifugal 
compressor affected facilities os required by §60.5410(b). 
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(c) You must demonstrate continuous compliance with the standards that apply to 
centrifugal compressor affected facilities as required by §60.5415(b). 

(d) You must perform the required notification, recordkeeping, and reporting as required 
by §60.5420. 

§60.5385 What standards apply to reciprocating compressor affected 
facilities? 

You must comply with the standards in paragraphs (a) through (d) of this section for 
each reciprocating compressor affected facility. 

(a) Yau must replace the reciprocating compressor rod packing accarding to either 
paragraph (a}(l) or (2) of this section. 

(1) Before the compressor has operated for 26,000 hours. The number of hours of 
operation must be continuously monitored beginning upon initial startup of your 
reciprocating compressor affected facility, or October 15, 2012, or the date of the most 
recent reciprocating compressor rod packing replacement, whichever is later. 

(2) Prior to 36 months from the date of the most recent rod packing replacement, or 36 
months from the date of startup for a new reciprocating compressor for which the rod 
packing has not yet been replaced. 

(b) You must demonstrate initial compliance with standards that apply to reciprocating 
compressor affected facilities as required by §60.5410. 

(c) You must demonstrate continuous compliance with standards that apply to 
reciprocating compressor affected facilities as required by §60.5415. 

(d) You must perform the required notification, recordkeeping, and reporting as required 
by § 60 . 5420 . 

Each of the devices listed in the question are currently regulated under EPA's New Source Performance 
Standards for Oil and Gas Production. Establishing further requirements, before allowing the new 
requirements to decrease emission rates across the Industry, would have very little effect on actual 
emissions. 

2. EPA's new Source Performance Standards for Oil and Gas Production do not contain 

requirements to control the completion and production emissions from wells that co-produce 
oil and natural gas. Do such co-produced wells release VOCs, methane and other emissions 
that can be controlled through reduced emission completions and other readily available 
technologies? 

Response: Wells that are classified with state agencies as oil wells often also produce some amount of 
natural gas, alongside the oil. Oil produced from these wells is a mixture of hydrocarbon chains of 
differing lengths, some of which are in the gas phase while at surface temperature and pressure. 
However, these wells do not typically produce a large amount of gas, as compared to natural gas wells, 
which produce almost exclusively gas, and very little if any liquid hydrocarbons. 

, Oil and gas operators use control devices such as flares, combustors, or other equipment to limit 
emissions of VOCs and methane to comply with state regulations that ensure that any emissions 
including VOCs and methane are either below the limit for the regulation in the jurisdiction.. Reduced 
emission completion (REC) equipment can only be used on wells that will flow on their own and with 
sufficient pressure after hydraulic fracturing. It is gas that allows a well to flow and it is therefore 
impractical or impossible to use RECs on oil wells with Insufficient gas flow. REC equipment not only 
requires certain flow characteristics at the wellhead, it also requires that a gas collection line be 
available at the site that is sized appropriately to handle the volume of gas produced. 
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Questions from Senator David Vitter: 

1. What is the main difference between EPA's previous estimates of methane emissions from 
hydraulic fracturing and the actual emissions measured by the UT-EDF study? Can you explain 
why those numbers are so different and why EPA's figured were so overestimated? 

Response: The main difference between EPA's previous estimates of emissions from hydraulic fracturing 
completions and actual emissions found in the UT-EDF study is the amount of time fiowback occurs. EPA 
based its original methodology on Natural Gas Star data, which was data reported for natural gas 
captured by Reduced Emission Completion (REC) equipment. This equipment changes the cost dynamic 
of a gas well in a very dramatic way. 

Fiowback involves the removal of impurities, chemicals, water, and sand from a gas well by allowing the 
downhole pressure to push water and debris back up the well so it can be safely disposed of. The period 
during which fiowback occurs is typically right after the final stage of hydraulic fracturing occurs, and 
varies in length. The purpose of fiowback is to allow the equipment that handles the produced liquids to 
safely operate without risk of corrosion or plugging from the sand and other impurities that would be 
produced were fiowback not to occur. 

In a completion where REC equipment is not used, completion, gas that is produced during fiowback 
must be either vented or flared, as there is no equipment available to route it to a sales line. Operators 
want to minimize the volume of this gas flared as much as possible, to avoid destroying valuable 
product. Typically, once gas has been flowing consistently for a couple of hours, operators shut the well 
in, attach the wellhead to a permanent sales line, and begin routing the gas produced to sales. This 
minimizes the value lost during the completion process. For this reason, these flowbacks typically last 
only a few days, and are often only producing measurable quantities of gas during the last several hours 
of operation. 

When REC equipment is used, operators do not have the same concern over lost product, as all gas that 
is produced Is routed effectively to a sales line, while impurities, sand, and water are removed from the 
stream simultaneously to be effectively disposed of. For this reason, REC equipment can be used for a 
very long period of time, often upwards of 10 to 12 days, capturing all of the gas that is produced during 
that time period. Given that a well typically increases production from the time that fiowback starts to 
when fiowback ends, this captured volume over 10 to 12 days is often orders of magnitude higher than 
volume of gas that would be released in a typical 3 to 4 day completion without REC equipment. 

EPA's error, reflected by the dramatically different results identified in the UT-EDF study, is that the 
Agency assumed that all gas that was captured by REC equipment would have otherwise been released 
into the atmosphere. As shown by the UT-EDF study and through data provided to EPA through Devon's 
URS study, this is simply not the case. 



163 


2. Although the UT-EDF study initially found greater than expected fugitive methane emissions 
from pneumatic controllers, you pointed out in your testimony that there was "significant 
geographical variability in the emissions rate from pneumatic controllers between production 
regions." in your mind, is this further justification for why hydraulic fracturing is better 
regulated at the state level to deal with the vast "geographical variability?" Can you please 
elaborate on the issue of emissions from pneumatic controllers. 

Response; The UT-EDF study highlighted in its findings something that operators are already well aware: 
emission rates will vary widely from site to site based on production type, production volumes, down- 
hole and surface temperature and pressure, and local geography. In fact, the study was unable to 
determine the cause of the variability found in their particular results, and suggested that further study 
of pneumatic controllers would be required. The study itself mentions that: 

"There is significant geographical variability in the emissions rote from pneumatic controllers 
between production regions. Emissions per controller from the Gulf Coast are highest and ore 
statistically different than emissions from controllers in Rocky Mountain and Appalachian regions. 

The Rocky Mountains have the lowest emissions. The difference in average values is mare than a 
factor often between Rocky Mountain ond Gulf Coast regions." 

Devon's operations were not measured In the study itself, and to comment on individual sites would 
take knowledge of the operating equipment at those sites and the characteristics of the produced fluids. 
However, the important data from this portion of the study is the finding that different regions have 
dramatically different emission rates from pneumatic controllers. 

Pneumatic controllers are small devices that vent a small amount of pressurized gas to drive valves to 
control flow from separators, tanks, and other equipment on site. These devices allow site automation 
without the use of electricity or the constant operation of engines to run the devices. Significant 
progress has been made in recent years in the design of this equipment to both reduce the amount of 
vented gasses (these devices are called "low bleed controllers") and to design equipment that only vents 
when the device Is actuated (these are called "Intermittent bleed controllers"). These new designs, 
when operating parameters allow their use, have been installed by operators over the past decade to 
capture vented methane that would have previously been lost. 

Equipment actuation drives the emission rate for pneumatic controllers. Separators at sites producing 
high volumes of liquid are required to frequently dump their product into tanks - sometimes several 
times an hour - but separators at sites that are not producing high volumes of liquid do not actuate as 
often. So for fields that are dominated by wells that have been producing for years and are now in the 
last portion of their operating lifetime, pneumatic controller emissions may be lower than newly 
developing fields. Also, fields that are producing more liquids might have higher pneumatic controller 
emissions as well, but it will also depend on the amount of gas produced in those fields. 

This is just an example among many that different fields require different approaches and technology to 
tackle different environmental challenges. For this reason, a simple one-size-fits-all approach is 
inadequate to protect the local environments within different regions of states. The states are best 
equipped with the both expertise and local accountability necessary for the responsible stewardship of 
our land, water, and air. For this reason, and because Devon values environmental stewardship, Devon 
supports regulation of all oil and gas activities by the states, rather than the federal government. 
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Questions from Senator James Inhofe: 

1. How has the natural gas industry recognized that fugitive methane emissions exist and taken 
steps to ameliorate the impact? 

2. What Incentive does the natural gas industry have to reduce fugitive methane emissions? 

Response: [Note: I have answered these two questions in o single response, os their answers are 
interrelated.] Devon Energy, along with many other responsibie operators, have taken various steps to 
minimize methane emissions wherever possible. Devon, for example, completed a program to replace 
all continuous bleed pneumatic devices with low emitting devices at field sites in South Central 
Wyoming This significantly reduced methane lost during normal operations. 

Operators also flare fugitive methane as standard industry practice wherever possible during completion 
events. This flaring not only eliminates any explosion risk for our on-site workers, but It also reduces the 
heat trapping potential of the released gas by a significant factor. The reasoning behind this is two-fold. 
First, state regulations require operators to reduce emissions from field sites in a variety of ways, often 
using new and innovative technologies. 

Second, and more importantly, operators have a financial obligation to their shareholders to waste as 
little methane as possible during operations. Methane is a primary product of our Industry. To the 
public, it is an important product that is used to heat homes, generate electricity, drive vehicles, and 
create products that we use every day. But to operators, it is the valuable result of millions of dollars in 
investment and decades of technology development. For Devon to let much of this methane escape into 
the atmosphere, or to burn it off any more of it than absolutely necessary not only does a disservice to 
Devon’s shareholders and the public, but also would make Devon less competitive with other operators 
who were more prudent. 

3. Does the natural gas industry need regulations to reduce fugitive methane emissions? 

Response; As discussed above, It is in the best interest of the natural gas industry to capture and collect 
as much methane as possible, and for that reason, operators do so wherever economically and 
technically feasible. While Devon supports responsible and cost-effective regulation at the state level to 
ensure that operators follow responsible practices from an environmental standpoint, operators are 
financially motivated to control methane emissions as much as possible. For this reason, no, the natural 
gas industry does not need additional regulations to reduce fugitive methane emissions. 
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Senator Whitehouse. Thank you, Mr. Smith. I appreciate it. 

Our final witness is A. Daniel Hill, who is the department head 
and holder of the Noble Chair in petroleum engineering at Texas 
A&M University. Professor Hill also holds the Robert Whiting En- 
dowed Chair. Prior to joining the faculty of Texas A&M, Dr. Hill 
taught for 22 years at the University of Texas at Austin, and before 
that, before entering academia, he spent 5 years as an advanced 
research engineer with Marathon Oil Company. He serves on the 
Society of Petroleum Engineers Editorial Review Committee and 
chairs the Society of Petroleum Engineers Hydraulic Fracturing 
Technology Conference. 

He holds three degrees in chemical engineering, a bachelor of 
science from Texas A&M, a masters and doctorate from the Univer- 
sity of Texas at Austin, and we are delighted to have him here 
today. 

Professor Hill. 

STATEMENT OF A. DANIEL HILL, Ph.D., P.E., DEPARTMENT 
HEAD, PETROLEUM ENGINEERING, TEXAS A&M UNIVERSITY 

Mr. Hill. Thank you. Chairman Whitehouse and Ranking Mem- 
ber Inhofe and Senator Vitter. Good afternoon. I am Dan Hill. I am 
the head of the Harold Vance Petroleum Engineering Department 
at Texas A&M University. I have been a faculty member for over 
30 years, after working in industry for about 5 years. 

In recent years, one focus of my research has been various as- 
pects of hydraulic fracturing of shale gas and oil reservoirs. Hy- 
draulic fracturing, of course, is the key well completion technique 
that has enabled the production of huge quantities of natural gas 
and oil from shale reservoirs to the enormous benefit to the U.S. 
economy and to U.S. consumers. 

In February 2012, I was invited by Professor David Allen of the 
University of Texas to serve on the scientific advisory panel for the 
planned comprehensive study of methane emissions at natural gas 
production sites in the United States. As a member of the advisory 
panel for this methane emission study, I reviewed the planned 
measurement program, reviewed results partway through the 
study, reviewed the final results, and reviewed the publications de- 
scribing the outcomes. Throughout the study, I was impressed with 
the careful and thorough approach of the study team. I would say 
that this was the unanimous opinion of the scientific advisory 
panel. 

Unconventional oil and gas production has changed the U.S. en- 
ergy game. Production of natural gas and oil from unconventional 
reservoirs, primarily shale formations, is soaring, daily lessening 
this country’s dependence on imported oil and natural gas. A slide 
that you Senators have is a history and forecast of U.S. natural gas 
supply. In less than 10 years gas production from shale formations 
has grown to over 30 percent of the U.S. supply and continues to 
grow. In fact, in a recent update to this 2011 forecast, the EIA is 
now predicting that the United States will be a net gas exporter 
before the year 2020. This is great news in every possible way: nat- 
ural gas is the cleanest burning fossil fuel, it yields the least CO 2 , 
and it is low cost thanks to its newfound abundance in unconven- 
tional reservoirs. 
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Thus, it is critical that development of natural gas production 
from shales continues in an environmentally responsible fashion. 
In my opinion, this study has alleviated the fear that large volumes 
of natural gas are emitted during the flowback period following hy- 
draulic fracturing. However, the study did reveal significant 
sources of natural gas emissions occurring during other shale gas 
well operations. 

The measurement protocols used were sound and were properly 
applied. The validity of this study is founded on the measurement 
methods used and their correct application. The methods chosen 
were all proven from years of prior practice and were properly cali- 
brated and applied in this study. 

The study is comprehensive. In this study, methane emissions 
were measured at 190 well sites, with 489 hydraulically fractured 
gas wells at these sites. The well sites were located in the Gulf 
Coast, the Mid-Continent, Rocky Mountain, and the Appalachian 
regions of the U.S. Slide 4 shows the regions studied. The meas- 
ures were made on sufficient numbers of well sites to make the re- 
sults statistically valid and extrapolatable. 

Methane emissions during hydraulic fracturing flowback oper- 
ations are 36 times less than that estimated in the EPA’s 2011 
greenhouse gas inventory. The most important finding of this study 
is that methane emissions during the flowback period immediately 
following hydraulic fracturing are dramatically less than that esti- 
mated by the EPA in its 2011 greenhouse gas inventory, more than 
36 times less. The EPA estimate was not based on actual measured 
methane emissions, as this study is, but simply assumed a certain 
percentage of all methane produced during flowback was emitted. 
Obviously, the assumed percentage emitted was too high, 36 times 
too high. 

Significant volumes of methane are being emitted from pneu- 
matic controllers, from pumps, and from leaks. The study found 
that emissions from these devices exceed the 2011 EPA estimates 
and are by far the largest sources of methane emissions at shale 
gas well sites. Many of these emission sources are easily reducible. 

More study of methane emissions during gas well unloading is 
needed. In this study, only nine gas well unloading events were 
monitored for methane emission, and in only three of these, all lo- 
cated in the Gulf Coast region, significant methane emissions oc- 
curred. The range of emissions measured during these few tests 
were extremely variable and not easily generalizable. I recommend 
that a comprehensive study of methane emissions during unloading 
be conducted, following protocols like those used in this study, and 
apparently some are already underway. 

Fugitive methane emissions are only .42 percent of the produced 
gas from shale wells. This study has shown that amount is pro- 
duced from shale well sites and emitted to the atmosphere. It also 
showed that the large majority of emissions occurred during nor- 
mal production and is not related to flowback after hydraulic frac- 
turing. It is instructive to realize that .42 percent of current U.S. 
shale gas production is about 42 billion cubic feet per year, which 
even at current low prices has a value of about $150 million. This 
is a significant economic target for the industry to capture by ap- 
plying improved practices and developing new technologies. 
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Thank you. 

[The prepared statement of Mr. Hill follows:] 
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Written Testimony 

Committee on Environment and Public Works 
U. S. Senate 
November 5, 2013 

Good Morning. I am Dan Hill and I am the Head of the Petroleum Engineering 
Department at Texas A&M University. I have been a faculty member for over 30 
years after working in industry for about 5 years, and throughout my career I have 
conducted research on methods to improve oil and gas production. In recent years, 
one focus of my research has been various aspects of hydraulic fracturing of shale 
gas and oil reservoirs. Hydraulic fracturing is the key enabling well completion 
technique that has enabled the production of huge quantities of natural gas and oil 
from shale reservoirs to the enormous benefit to the U.S. economy and to U.S. 
consumers. In February, 2012, 1 was invited by Professor David Allen of the 
University of Texas at Austin to serve on the scientific advisory panel for the 
planned comprehensive study of methane emissions at natural gas production sites 
in the United States. I was happy to accept this invitation because this study was to 
be the first to my knowledge that would actually measure fugitive methane 
emissions from shale gas wells at many sites around the United States. Prior to this 
study, there was speculation in some publications that very large volumes of 
natural gas were being emitted during the flow back period immediately after 
hydraulic fracturing operations were completed. The assumptions made to derive 
such estimates did not seem reasonable, so I was anxious to see the results of 
actual emissions measurements made carefully and scientifically. 

As a member of the Scientific Advisory Panel for this methane emissions study, I 
reviewed the planned measurement program, reviewed results part way through the 
study, reviewed the final results, and reviewed the publications describing the 
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study and its results. Throughout the study, I was impressed with the careful and 
thorough approach of the study team. I would say that this was the unanimous 
opinion of the Scientific Advisory Panel. 


Unconventional oil and gas production has changed the U. S. energy 
game. 

In just a few years, applications of advanced technology have led to the most 
dramatic economic boost our country has seen in my lifetime. Production of 
natural gas and oil from unconventional reservoirs, primarily shale formations, is 
soaring, daily lessening this country’s dependence on imported oil and natural gas. 
Slide 1 is a history and forecast of the U. S. natural gas supply — in less than 10 
years, gas production from shale formations has grown to over 30% of the U. S. 
supply, and continues to grow. In fact, in a recent update to this 201 1 forecast, the 
EIA is now predicting that the United States will be a net gas exporter before 
2020.This is great news in every possible way - natural gas is the cleanest burning 
fossil fuel, it yields the least CO 2 , and it is low cost, thanks to its newfound 
abundance in unconventional reservoirs. 

The dramatic growth in U.S. natural gas production has come almost entirely from 
shale formations. As illustrated in Slide 2, there are large volumes of natural gas 
being produced from many different shale formations and the production from 
these reservoirs continues to increase despite the current low gas prices. 

Thus, it is critical that development of natural gas production from shales continues 
in tin environmentally responsible fashion. In my opinion, this study has alleviated 
the fear that large volumes of natural gas are emitted during the flowback period 
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following hydraulic fracturing. However, this study did reveal significant sources 
of natural gas emissions occurring during other shale gas well operations. I feel 
confident that these important findings will cause operators to take measures to 
significantly reduce theses emissions. 

Measurement protocols were sound and properly applied. 

The validity of this study is founded on the measurement methods used and their 
correct application. The methods chosen were all proven fi'om years of prior 
practice and were properly calibrated and applied in this study. To measure 
methane emissions during flowback or well unloading operations, gas fi-om all 
possible vents fit)m the tanks or separators receiving gas and liquids fi'om the well 
was captured and forced through devices that measured the gas flow rate. The gas 
was sampled to measure the methane concentration. Slide 3 is a photograph of 
such a setup at one of the studied well sites and a schematic of the measurement 
apparatus. 

Emissions from pneumatic controllers, pumps, and other leaking equipment were 
measured by first locating the leaks with an infrared camera, then measuring the 
emission rate with a device that essentially vacuums the leaking gas into itself, 
where flow rate and methane concentration are measured. This device has been in 
use for measuring leaks for decades. 

Finally, on a few well sites, methane concentration was measured downwind of the 
well site to insure that no significant source of methane emissions had been 
missed. In all cases, this downwind measurement corroborated the point source 
measurements, confirming that no undetected major leaks or other emissions were 
occurring. 
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The study is comprehensive. 

In this study, methane emissions were measured at 190 well sites, with 489 
hydraulically fractured gas wells at these sites. The well sites were located in the 
Gulf Coast, Mid-Continent, Rocky Mountain, and Appalachian regions of the U.S. 
(Slide 4). Measurements were made on sufficient numbers of well sites to make the 
results statistically valid. Thus, within a reasonable statistical tolerance, the results 
of this study can be generalized to the more than 440,000 onshore gas wells in the 
United States. 

Methane emissions during hydraulic fracturing flowback operations 
are 36 times less than that estimated in the EPA’s 2011 greenhouse 
gas inventory. 

The most important finding of this study is that methane emissions during the 
flowback period immediately following hydraulic fracturing are dramatically less 
than that estimated by the EPA in its 201 1 greenhouse gas inventory - more than 
36 times less. The EPA estimate was not based on actual measured methane 
emissions, as this study is, but simply assumed a certain percentage of all methane 
produced during flowback was emitted. Obviously, the assumed percentage 
emitted was too high, 36 times too high. Common industry practice during 
flowback operations is to separate the produced gas from the produced liquids, 
with the gas either being flared (the methane burned) or sent to a sales line. So, it is 
not surprising that emissions measured in this study during flowback operations 
were low. 

Significant volumes of methane are being emitted from pneumatic 
controllers, from pumps, and from leaks. 
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This study found that emissions from pneumatic controllers, chemical pumps, and 
leaks exceed the 201 lEPA estimates and are by far the largest sources of methane 
emissions at shale gas well sites. These emission sources are easily reducible. For 
example, pneumatic controllers, the largest source of methane emissions have high 
bleed and low bleed types, with the emissions being much larger from the high 
bleed type. It has been demonstrated that most high bleed controllers can be 
economically replaced with low bleed controllers. 

More study of methane emissions during gas well unloading is 
needed. 

In this study, only nine gas well unloading events were monitored for methane 
emission, and in only three of these, all located in the Gulf Coast region, 
significant methane emissions occurred. The range of emissions measured during 
thes few tests was extremely variable, and not easily generalized. Unloading of gas 
wells by lowering the wellhead pressure is a common practice with shale gas wells, 
so it is important to understand the level of emissions from these operations. I 
recommend that a comprehensive study of methane emissions during unloading be 
conducted, following protocols like those used in this study. 

Fugitive methane emissions are only 0.42% of the produced gas 
from shaie wells. 

This study has shown that only 0.42% of the methane produced from shale gas 
well sites is emitted as fugitive gas. It also showed that the large majority of 
emissions occur during normal production, and are not related to flow back after 
hydraulic fracturing. It is likely that this study will lead to improved industry 
practices that will significantly reduce methane emissions from shale gas well 
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sites. It is instructive to realize that 0.42% of the current U. S. shale gas production 
is about 42 Bcf/year of gas, which even at current low prices, has a value of about 
$150 million. This is a significant economic target for the industry to capture by 
applying improved practices and developing new technologies. 
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January 3, 2014 
Mara Stark-Aicala 

Senate Committee on Environmental and Public Works 
410 Dirksen Senate Office Building 
Washington, DC 20510 

Deal' Ms. Stark-Alcala: 

My answers to the questions from Senators Boxer and Vitter are given below after their questions. 

Senator Boxer’s questions: 

1 . Several other peer reviewed studies have analyzed the methane emission rates associated with oil 
and gas drilling and found the emission rates to be significantly higher than emission rates 
derived from the data collected in the University of Texas study entitled “Measurements of 
methane emissions at natural gas production sites in the United States,** Proceedings of the 
National Academy of Sciences (October 29, 2013) (“UT Study”). Docs the UT Study invalidate 
the findings of the following two peer reviewed studies? If your answer is in the affirmative, 
please provide the published peer review literature other than the UT Study that supports such a 
conclusion. 

• Anna Karion, et al (2013) “Methane emissions estimate from airborne measurements 
over a western United States natural gas field," Geophysical Research Letters Volume 40, 

Issue 16, pages 4393-4397. 

« J. Peischl, et ai, (2013) “QuantlfVing sources of methane using light alkanes in the Los 
Angeles basin, California," Joumal of Geophysical Research; Atmospheres, Volume 118, 

Issue 10, pages 4974-4990. 

I cannot conclude that the UT Study invalidates the findings of the Karion et a). (2013) or the Peischl et al. (2013) 
studies because the UT Study did not make any measurements in the same geographic areas as these studies; 
however, the UT Study seriously questions the validity of the methodologies applied in these previous studies. In the 
UT Study, all of the methane emitted during various gas well operations was captured and the quantity of methane 
emitted accurately measured. For the almost 200 well sites measured in the UT Study, the amount of methane 
actually emitted is irrefutable, because it was captured and directly measured. 

On the other hand, in the Karion et al. and Peischl et al. studies, a minute fraction of the aimo-sphere downstream 
from possible methane emission sites was sampled, and the amount of methane emitted from oil and gas wells 
estimated by extrapolating these measurements over huge volumes of the atmosphere relative to the sample .size, and 
then subtracting uncertain estimates of the amount of methane emitted from other sources. There are two sources of 
potentially very' large errors in such an approach. First, to estimate methane emissions from a large area based on 
downstream airborne measurements requires making numerous assumptions such as constant wind speed and 
uniform wind velocity over thousands of vertical feet of atmospheric space, and thus is always uncertain. .A second 
large source of error in the Karion et al. (201 3) or the Peischl et al. (2013) studies is the fact that the inferred 
methane emissions from oil and gas production operations was obtained by subtracting estimated emissions from 
other methane sources (cars, cows, etc.) from the estimated total emissions from the aerial surveys. As any scientist 
knows, when taking the difference between uncertain quantities, the uncertainty of the result is always higher. 
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If a study were conducted using the UT Study protocol at the sites studies by Karion et al. (2013) and Peischl el a!. 
(20 13), their results would almost certainly be invalidated. It is simply not reasonable to expect that methane 
emissions in the regions studied by Karion et al. (2013) and Peischl et al. (2013) are on the order of 10% of total 
production as they found, while in 4 other major oil and gas producing regions in the country, the average methane 
emissions are on average 0.42% of total production, as found in the UT Study. 

2 . EPA's New Source Performance Standards for Oil and Gas Production do not currently contain 
requirements to control the emissions from many types of emissions control equipment used at oil 
and gas wells. Would the establishment of standards for pneumatic devices at wells, pressure 
relief valves at storage tanks, and the compressors and pressurized motors used to move natural 
gas throu^ processing plants and pipelines reduce VOC, methane and other emissions? 

First, 1 will presume that in the first sentence of this question that Senator Boxer meant to say “control equipment”, 
not “emissions control equipment”, because the devices described in the second sentence are process control 
equipment, not emissions control equipment. The establishment of standards for pneumatic control devices could 
potentially reduce methane emissions. For example, EPA studies in collaboration with industry have shown the 
economic benefit of replacing higher emitting pneumatic controllers with lower emitting devices. Any possible 
standards for pressure relief valves should be very carefully considered and are likely unnecessary because of the 
very infrequent emissions from such devices. Pressure relief valves on storage tanks or other equiment are safety 
devices designed to release gas only if the pressure in the vessel reaches an unsafe level, and such events are rare. 1 
do not know what standards could be applied to compressors and pressurized motors, with a reasonable chance of 
beneficial impact, and with a reasonable chance of enforcement, as such devices do not emit VOC or methane 
during norma! operations. 

3. EPA’s New Source Performance Standards for Oil and Gas Production do not contain 

requirements to control the completion and production emissions from wells that co-produce oil 
and natural gas. Do such co-produced wells release VOCs, methane and other emissions that can 
be controlled through reduced emission completions and other readily available technologies? 

Wells that co-produce oil and gas can possibly release VOC, methane, or other emissions, just as natural gas wells 
can. Similar emission control devices and methodologies are applied to wells producing oil and gas as are to natural 
gas wells. 

Senator Vitter’s questions: 

!. Dr. Hill, your work on this study is very much appreciated and I must say I was very pleased to 
see that not only you, but the Environmental Defense Fund strongly defends the scientific 
integrity and rigor used in the creation of this report Could you please elaborate on your role on 
the scientific advisory panel and the scientific reliability of the report? 1$ this typical of the rigor 
used in other studies like the Cornell Howarth and Ingraffea study? 

The role oflhe scientific advisory panel in the UT Study was to review the measurement practices and the resulting 
data analyses to insure that the best scientifically reliable results of actual methane emissions from natural gas well 
sites were obtained, We reviewed the planned measurement program, and were unanimously satisfied that the 
approach was sound. The panel carefully reviewed the findings of the study, with particular attention being paid to 
the stati.stical validity of the results. We also carefully reviewed any extrapolations made to insure that no unfounded 
claims were being made. 

The Cornell Howarth and Ingraffea study, on the other hand, applied no such scientific rigor, and has been widely 
discredited, including by colleagues at Cornell. The Howarth and Ingraffea study did not use any actual 
measurements of methane emissions from well sites, as did the UT Study. Instead, their study simply assumed the 
amount of methane emissions that would occur during particular well operations. The assumptions made of the level 
of emissions during ilowback operations after hydraulic fracturing were particularly unrealistic and have been 
invalidated by the UT Study. The UT Study shows that the emissions levels during flowback assumed by Howarth 
and Ingraffea were orders of magnitude too high. 


Mailing Address: 

3il6TAMl! 

College Station. TX 77843-31 16 
Web - http://www.|)e.tamn.cdu 


Department Head Office: 

507 Richardson Building 
College Station, TX 77843-3116 
Tel. 979.845.2244 Fax 979.862.6579 



180 


2. Studies have shown benefits from natural gas when the methane leakage rate as a fraction of the 
total production of natural gas is below 3 percent. The UT-EDF study shows that only 0.42 
percent of methane produced from shale gas well sites is emitted as fugitive gas. In your opinion 
is there much disputing the importance of natural gas production and its benefite? 

There are no rational arguments against the importance of increased U.S. natural gas production and its 
benefits to this country-. I will repeat what I testified before the U. S. House of Representatives Committee 
on Science, Space, and Technology in 2012: ‘In just a few years, applications of advanced technology have 
led to the most dramatic economic boost our country has seen in my lifetime. Production of natural gas and 
oil from unconventional reservoirs, primarily shale formations, is soaring, daily lessening this country’s 
dependence on imported oil. In less than 10 years, gas production from shale formations has grown to over 
30% of the U. S. supply, and continues to grow. This Is great news in every possible way ~ natural gas is 
the cleanest burning fossil fuel, it yields the least COj, and it Is low cost, thanks to its newfound abundance 
in unconventional reservoirs.” 

Sincerely yours, 

A. D, Hill 
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Senator Whitehouse. Thank you very much, Professor Hill. 

Just to put this into perspective, why is it that we are concerned 
about fugitive methane? 

Mr. Hill. Why is it? I think the primary concern is its role as 
a greenhouse gas. 

Senator Whitehouse. And its role as a greenhouse gas is what? 

Mr. Hill. I am sorry, sir? 

Senator Whitehouse. Its role as a greenhouse gas is what? 

Mr. Hill. Well, it has a greater effect on a per mass basis, much 
greater effect, apparently, than CO 2 as a greenhouse gas. 

Senator Whitehouse. Unless it is burned. 

Mr. Hill. Yes. 

Senator Whitehouse. Than it is CO 2 . 

Mr. Hill. Yes. 

Senator Whitehouse. OK. 

Mr. Boling, we have heard considerable testimony today about 
the value of the fugitive methane and there is a lawsuit in, I think. 
South or North Dakota over the loss to the mineral owners, alleg- 
ing, again, very significant value. Given that the value is there and 
given that these companies tend to be in that business, why is it 
that the market itself hasn’t solved this problem? 

Mr. Boling. I think that really depends on the situation. With 
respect to the Bakken, a lot of that gas is flared simply because 
there is not sufficient infrastructure in place to allow the gas to be 
economically gathered and sold. Obviously, at some point in time 
the volumes that get flared become very, very significant and some- 
thing needs to be done, but I think that is really the answer to that 
question, is that the infrastructure is not there to support it. 

Senator Whitehouse. And how about the losses during normal 
production, the ones that were underestimated by EPA and shown 
to have been larger by the UT study that are further along in the 
process? That wasn’t all lack of infrastructure, correct? 

Mr. Boling. That is correct. 

Senator Whitehouse. And why do you suspect it is happening 
in those cases, where the lack of infrastructure isn’t the expla- 
nation? 

Mr. Boling. Well, I think that one of the issues, really, is I know 
that it does sound like a no-brainer, so to speak, that if it is going 
to make everyone money, why wouldn’t you do it, but that pre- 
supposes you are not in a capital-constrained environment in terms 
of the investments being made by industry. And, in certain cases, 
if they feel like those dollars can go into things that can probably 
make them more money, they may not necessarily do it. 

Senator Whitehouse. Got it. 

Dr. Allen, on balance, I gather, your study has come moderately 
close to supporting the EPA’s overall numbers, but it shows dra- 
matic differences in the place within the production sector where 
the leaks are taking place. Can you comment on the difference be- 
tween potential and actual methane emissions from hydraulically 
fractured wells? 

I ask unanimous consent to have, for the record, an exhibit that 
has gone up to your right side that you can see that shows the EPA 
2011 numbers and the numbers from your report, and obviously it 
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is a dramatic reduction in the top line, completion flowbacks from 
hydraulic fracturing. 

Mr. Allen. Thank you for that question, Chairman Whitehouse. 
In our work, and also in the EPA national inventory, potential 
emissions are defined as methane that might get into the atmos- 
phere. So in the context, for example, of completion flowbacks, it 
would be the methane that leaves the wellhead. If all of that is re- 
leased to the atmosphere, then those potential emissions become 
the actual emissions. For completion flowbacks, what we found was 
that our measurements of what was leaving the wellhead were ac- 
tually quite similar to EPA’s estimates of potential emissions. 

What we found was that when reduced emission completion 
equipment was in place, it was very effective in reducing those ac- 
tual emissions to the atmosphere, hence, leading to this large re- 
duction. So the potential emissions are mitigated by control tech- 
nologies, and the difference between what gets into the atmosphere 
and the potential emissions depends on how widely those control 
practices are applied and how effective they are. 

Senator Whitehouse. We have heard testimony that these con- 
trol technologies are both fairly common, not complicated, not com- 
plex, and also highly effective. Can you confirm that testimony 
from the point of view of your study? 

Mr. Allen. Our study definitely confirms that reduced emission 
completions are highly effective. We can comment on the data that 
we measured. We went to 27 completion flowbacks. For two-thirds 
of those we found this type of equipment in place. This was for the 
nine companies that agreed to participate in our study. So, in this 
case, what we observed was that two-thirds of the flowbacks had 
this reduced emission completion equipment in place. 

Senator Whitehouse. Thank you. 

We can do a second round, but I will abide by the timing and 
yield to our ranking member. 

[The referenced information was not received at time of print.] 

Senator Inhofe. Thank you, Mr. Chairman. 

One of the issues that you reveal is that the emissions from 
pneumatic pumps were higher than previously thought. Is this 
something the industry recognized? 

Mr. Smith. No, I am not precisely sure that industry anticipated 
these results. Senator. 

Senator Inhofe. All right. How much do you think is a mainte- 
nance issue versus an equipment issue? 

Mr. Smith. Well, I think, not being a participant in the study, 
I am not certain whether or not maintenance practices were evalu- 
ated by the team as a cause for the difference between kind of pub- 
lished emission rates and what was measured in the field, but I do 
know that this equipment, when it is installed in the field, it is 
subjected to pretty harsh conditions and maintenance needs to be 
an element to keep the equipment working as it is designed. 

Senator Inhofe. And I would assume, then, Devon and you 
might also, Mr. Boling, agree with this and the rest of industry. Do 
you really think you need regulations to motivate these changes 
that are being talked about today? 

Mr. Smith. Is that a question to me? 



183 


Senator Inhofe. It is a question, yes, to you, Mr. Smith. In other 
words, doesn’t it inure to your benefit to do this without regula- 
tions? 

Mr. Smith. As I mentioned in my testimony, a lot of the control 
technologies that have been discussed today are already being con- 
ducted by industry, and we have data from industry that suggests 
that, for instance, green completion equipment is being deployed 
very consistently across the industry. So the incentive, I think, to 
employ these control technologies is already there. I think an im- 
portant thing to recognize is that, and I think this is maybe a little 
counterintuitive to some, but I think there is some belief that in 
this condition of low gas prices, that because gas is maybe not 
worth so much, that companies aren’t paying as much attention to 
leaks of it. 

But in reality, the inverse is really true, because if you consider 
a company needing to make profits from these wells, the only way 
that a company can offset our operating costs of these wells is to 
really, if you will, scrape the bottom of the barrel to really capture 
and sell every cubic foot of gas that we can. Otherwise, if we can’t 
offset the operations costs of these wells, because, of course, oper- 
ations costs are independent of what gas prices are, to a large part. 
If we can’t offset our operations costs, then these wells are oper- 
ating at a loss. 

So even in conditions of low gas prices there is a strong incentive 
for energy companies to capture every cubic foot of gas that they 
can. 

Senator Inhofe. Yes, that is right. Of course, you heard my com- 
ments in opening statement. I talked about the benefits of increas- 
ing our exports that would put us in a position. Right now you 
have huge supply, but the demand is down. This could change that 
around so that you would be in a position, and Mr. Boling, you 
would be in a position to have the benefits of the profits to make 
these changes that might not be economically feasible at today’s 
market. Is that inaccurate? I have been trying to make the case 
and I have made some talks on the floor about exporting LNG. 

Mr. Smith. And this kind of demand certainty that would sur- 
round LNG export. Again, I think the incentive for operators to re- 
duce leaks is maybe not so much driven by our forecast for demand 
certainty as much as it is about really trying to maximize profits 
and really, again, in these low conditions of gas prices, to certainly 
generate enough revenue to offset our operating costs in many 
areas. 

Senator Inhofe. I got the impression. Dr. Gowrishankar, that 
you had said there is technology out there that some of these com- 
panies are not using, and the question I am asking them is it be- 
cause the volume they are dealing with doesn’t justify the cost of 
making these changes. 

Mr. Gowrishankar. Our analysis suggests that potentially the 
primary reason for them not being used more widely goes back to 
the question of capital constraints and other strategic initiatives 
that may potentially make more sense for the companies. 

But in our view, these standards that require the control of these 
emissions make sense; they are profitable and that, I think, is pret- 
ty much undeniable. They are profitable and cost-effective and 
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they, therefore, must be used to control these emissions. And there 
is no evidence to suggest that it is being used widely. There are 
some companies that are doing it, but voluntary action has not 
been sufficient. 

Senator Inhofe. So you are contending that we need regulations 
to force that? 

Mr. Gowrishankar. Yes. We think regulations must be in place 
to level the playing field, fix the market failure, and ensure that 
these standards are adopted across the country by all producers; 
not just the leading ones, but everybody. 

Senator Inhofe. If you don’t mind my going a little bit longer, 
because I won’t be able to stay for a second round. Just one other 
question. 

Dr. Hill, from what I understand, a portion of the Federal royal- 
ties from the oil and gas operations goes toward ongoing research 
on oil and gas resources. We have talked about this for a long pe- 
riod of time. Because of this, the Federal Government has actually 
played a big role in collaborating with industry to unlock the shale 
revolution. But the program that manages the selection of the 
projects to fund expires next year. Can you tell us how extending 
the program will help foster voluntary collaboration and innova- 
tion, the benefits that would come with that? 

Mr. Hill. Yes, Senator. I would be happy to. The program you 
are mentioning is called the Research Partnership to Secure En- 
ergy for America. It has been underway, it is in its seventh year 
now and this program has funded $50 million a year of research 
from royalty funds. Federal royalty money to support research on 
unconventional resource development, shale primarily, and the sec- 
ond major area is deepwater oil and gas development. This has 
been a very successful program; it supports research at many uni- 
versities across the country, educated a lot of engineers for this 
burgeoning industry and helped a great deal in developing the 
technology that has led to these efficiencies. 

There is a lot more to be done. A lot of the work that the RPSEA, 
as it is referred to, program is conducting right now is aimed more 
to the environmental side, a lot of studies on water usage, for ex- 
ample, minimizing fresh water usage and fracturing operations. So 
it is a program that has done a lot for this country, a lot for this 
development of shale gas and oil in particular. 

Senator Inhofe. Do you think this should be reauthorized? We 
have a lot of good programs, Mr. Chairman, of cooperation. Part- 
nership and Wildlife is one that has been very, very successful. 
This is another example. 

Mr. Hill. Yes. I think it would be wonderful if this could be re- 
authorized. 

Senator Whitehouse. Senator Vitter. 

Senator Vitter. Thank you. 

Thank you all very much. Very impressive panel, particularly 
given that a UT and an A&M presence sat at the same table, albeit 
separated. 

[Laughter.] 

Senator Vitter. I want to go back to the sort of summary of the 
study. I know none of you have said this, but make sure there is 
no misconception of it. In a sense, the overall summary could be 
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EPA was way off in terms of estimates about the fracking process. 
They underestimated leakage from pneumatic devices, et cetera, 
and overall they were in the ballpark, maybe 10 percent off. But 
I want to make sure everybody agrees. The subcategories do matter 
in terms of policy and responsible policy and moving forward. It is 
certainly important that we understand where the problem is or 
the opportunity for improvement is and where it doesn’t. Does ev- 
erybody agree with that? 

Dr. Allen. Everybody can respond. 

Mr. Allen. Thank you. Senator Vitter. We feel the major con- 
tribution of our study is identifying where the major emissions are 
so whatever action is appropriate can be taken based on measure- 
ments of where the emissions are, and what we found was emis- 
sions from hydraulic fracturing completion flowbacks are very low 
when reduced emission completion equipment is in place and pneu- 
matics were higher than we expected. 

Senator Vitter. So does everybody agree that those subcat- 
egories absolutely matter and we have a lot to learn from those 
specific subcategory conclusions, even if it is some sort of general 
wash within 10 percent overall? 

Mr. Boling. I agree that the subcategories are very important. 
I would caution, however, that when we are talking about the 
emissions and conclusions to be drawn from the study, while it is 
clear that EPA’s estimates of the actual, net emissions were much 
higher than the study, when you talk about potential emissions, as 
was mentioned previously, the potential emissions are pretty com- 
parable. So it really is a question of production characteristics of 
the well and the period of time that the well is allowed to fiowback. 
And if you get into a situation where the well either is not flowed 
back for a long period of time or you have REG completions, then 
you will have much less net emissions, even though the potential 
emissions could still very well be the same. 

Senator Vitter. Right. 

Mr. Smith, I think as early as 2010 Devon had initiated a project 
aimed at reducing emissions from pneumatic controllers, one of 
those specific areas we have been talking about. Can you go into 
a little detail about what you and other industry leaders have been 
doing there voluntarily? 

Mr. Smith. Yes. At Devon, we are proud to have written, as far 
as I know, the only carbon methodology for creating fungible emis- 
sion credits from emission reductions in the oil and gas sector, and 
we did that with a methodology for the retrofit of pneumatic con- 
trollers. So it is taking high-bleed pneumatic controllers out of 
service and replacing them with low-bleed pneumatic controllers. 
And that methodology is available to the public, so any industry 
could use that and establish carbon credits for it. 

The topic about what else we are doing to reduce methane emis- 
sions, unfortunately, we don’t have near enough time to take you 
through that, but I will say that in addition to focusing on reducing 
emissions from pneumatic controllers, Devon was one of the pio- 
neers in green completion reductions, one of the earliest companies 
that were doing green completions, so we are very familiar with 
that; we do it everywhere in our operation. 
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The other thing we do is that we have surveyed our operation. 
We don’t have a wet seal on any one of our compressors. And with- 
out going into a bunch of technical detail about what a wet seal is, 
it is a much higher emitting device than a dry seal. So we don’t 
have any wet seals in our operation. 

Also we are really centralizing a lot of our production equipment 
so that some of the control equipment that is outside of its oper- 
ating range at individual well sites is now feasible when you kind 
of aggregate more equipment together. So we are doing a lot of 
things, and not just us, but industry is doing a lot of things to be 
proactive in reducing methane emissions voluntarily. 

Senator Vitter. Great. Thank you all very much. 

Senator Whitehouse. Thank you. Senator. 

I would like to call up a chart that a smaller version I will make 
a part of the record, without objection. This is based on EDF infor- 
mation. I think Dr. Allen is familiar with it; perhaps Dr. 
Gowrishankar is as well. And what it shows is the ratio between 
the amount of fugitive methane that is released and how natural 
gas competes with other fuels in terms of being a better or worse 
carbon alternative, environmental alternative. 

And you will see that although we are talking about very, very 
low numbers, 0.42 percent, we are dealing with very low numbers 
here. If you have 1 percent emitted of natural gas, not burned, but 
just emitted, then you don’t break even with heavy duty diesel, I 
can’t even read it, the lines are so close, it looks like for about 40 
years. And if you are emitting 2 percent, you don’t break even with 
gasoline for 40 years. And if you go to 4 percent, then you don’t 
break even even with coal for 40 years. 

So the question of how much methane gets away is vital to pro- 
tecting, frankly, the marketing position of natural as against com- 
peting fuels in the minds of a public that is increasingly sensitive 
to these concerns. So I hope that this helps explain why we are so 
concerned about this and why I think this is a great opportunity 
for the industry and for the environmental community and Con- 
gress to all work together to solve this problem, because if worse 
gets out that if it is leaking in substantial amounts and that is 
causing natural gas to have to reverse a lot of the things that folks 
like the ANJ are saying all the time about the environmental value 
of natural gas compared to other fuels, then that is going to have, 
I think, an unfortunate effect on the market and on the credibility 
of the gas industry and so forth. 

So I think it is really important that we get this right. I think 
the fact that the technology is as well established as it is, particu- 
larly through the leading companies, and I want to particularly rec- 
ognize Devon and Southwestern for being here, is a very good sign. 
And the fact that even though it might not be the highest return 
in use of capital, the fact that it is a net positive use of capital for 
companies shows that this is the type of regulation that really, in 
fact, can be a win-win. 

So I thank everybody for being here. 

Just to make sure that the record is completely clear, I have 
asked Professor Hill this question, but, Mr. Smith, on behalf of 
Devon Energy, why is it that we want to limit the fugitive emission 
of methane? 
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Mr. Smith. Well, from a company standpoint, and, of course, I 
recognize the global warming potential of methane and all that, but 
from a business perspective it is a responsibility to our share- 
holders to produce as much from our wells as they are funding us 
to do that. 

Senator Whitehouse. And describe the other reason that doesn’t 
affect your shareholders so directly, but affects the rest of all of us. 

Mr. Smith. It is recognized as a greenhouse gas, that is abso- 
lutely right. We certainly would not deny that. 

Senator Whitehouse. And it, if released, will do what? 

Mr. Smith. Well, maybe you are pushing me into an area that, 
first of all, I am not an expert. 

Senator Whitehouse. Generally. You are the environmental 
manager for a very big energy corporation. 

Mr. Smith. Right. 

Senator Whitehouse. I am not asking you complicated ques- 
tions. 

Mr. Smith. It is not a complicated question. 

Senator Whitehouse. Methane in the atmosphere does what? 

Mr. Smith. It is believed to cause global warming. 

Senator Whitehouse. Because it traps solar heat. 

Mr. Smith. Traps heat. 

Senator Whitehouse. All right. 

One last question. When Senator Inhofe was asking, I guess, Mr. 
Smith about the maintenance versus equipment question. Dr. 
Allen, you were making notes as if you wanted to add something. 
I am not sure if you were just making notes. Did you have any- 
thing to add to that discussion or are we all set here? 

Mr. Allen. No, I just make notes. 

Senator Whitehouse. OK, terrific. Then I won’t press anything 
further. 

Let me just thank all of you very much. This has been a very 
helpful panel and. Dr. Allen, the work that you have done obvi- 
ously has made a very significant impact and I hope will help in- 
form this policy debate. A lot of hard work went into it. I appre- 
ciate it very much. 

Mr. Boling, thank you for the forward stance that Southwestern 
has shown and the very powerful way that you have brought indus- 
try and environmental leadership together in a way that I think 
does have this win-win potential. I am grateful to both of you. 

Dr. Gowrishankar, thank you for your research with NRDC. 

To our witnesses from Devon and from Texas A&M, again, thank 
you both for the expertise you brought to this hearing. 

The hearing record will remain open for Senators to submit any 
written questions for 2 weeks. You think you are free of us, but you 
are not quite free; we might come after you with written questions 
for another 2 weeks. If you would be kind enough to reply to those 
questions, we obviously would be very grateful. 

With that, the hearing is adjourned. Thank you all so much. 

[Whereupon, at 4 p.m. the Subcommittee was adjourned.] 
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